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It is the peculiar fortune of certain groups of plants to be more or 
less constantly worked over by the professional classifier who hopes, 
presumably, to disentangle their increasingly involved nomenclature and, 
at the same time, bring the taxonomy of each to an actual representation 
of its phyletic pattern. One of these is the Pyrolaceae. Between the years 
1814 and 1857 the Linnaean genus Pyrola had, by gradual attrition, been 
broken into about a dozen genera, five of which were recognized for North 
America by Rydberg (1914). A discussion of the merits of these segre- 
gate genera is outside the scope of this note, but there is no doubt that 
well-marked groups do exist. The only question is whether we shall dis- 
regard the meaning of the word genus and be “conservative” in our names, 
or whether we shall recognize that a genus is a kind of plants, the word 
“kind” in this instance referring to those species having in common the 
particular morphological structures which are used to differentiate the 
various groups at the present time. Much as I dislike such names as Erale- 
benia Opiz, I am sympathetic with the narrower definitions of these genera, 
and can only hope that such further oddities as Pseva Raf. continue to 
remain buried in synonymy. 

In spite of my personal tendency toward more narrowly defined genera 
in the Pyrolaceae, I am inclined toward a broader definition of species than 
is, at present, in favor with many workers. Too much time, I think, has 
been spent on the traditional treatment of the species of this group as 
they are found in herbaria, and too little attention given to the plants as 
they occur in the field. 

One thing of which the student must never lose sight is that the Pyrola- 
ceae are on the physiological borderline between autophytism and para- 
sitism. It is common for authors to refer, for example, to the Monotropa- 
ceae and certain members of the Pyrolaceae as “saprophytes.” This is 
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probably not their true status. Nutritionally, at least, they appear to be 
parasites, deriving their food from the fungous mycelia associated with 
their roots. The fungus is the saprophytic organism. It is not known what 
advantage, if any, the fungus gains from this association.’ 

Some years ago it was my good fortune to be able to observe various 
species of Pyrola of western North America in the field. Among these was 
P. picta Smith. Mention of this species immediately brings up the ever- 
present question of the status of P. dentata Smith. Here are a couple of 
species so loaded down with synonyms, combinations and recombinations 
that, nomenclaturally, they are becoming a taxonomic burden. If we refer 
to Andres’ (1914) definitive study of this group of species, we note that he 
has resolved the problem of his subsection scoropHyLLa in somewhat the 
following manner (the numerous synonyms being omitted) : 

Pyrola picta Sm. 
subsp. picta H. Andr. 
the typical form and: 
var. sparsifolia (Suksd.) H. Andr. 
var. Suksdorfii H. Andr. 
subsp. pallida (Greene) H. Andr. 
the typical form and: 
var. chimoides (Greene) H. Andr. 
subsp. dentata (Sm.) Piper, apud H. Andr. 
Pyrola aphylla Sm. 
the typical form and: 
var. paucifolia Howell. 
forma ramosa H. Andr. 


var. leptosepala Nutt. 


The above is, to the taxonomist, an intriguing set of nomenclatural 
pigeon-holes and might possibly have appeared to be called for on the 
basis of the 50-odd cited specimens then at the disposal of the monographer. 


‘In this connection, I should like to raise the question: Is there any authentic exam- 
ple of a spermatophyte being, of itself, truly saprophytic? The non-green Orchidaceae, 
Orobanchaceae, etc., superficially appear to be parasites, some on fungi, others on their 
chlorophyll-bearing hosts or, as I suspect of our common eastern beech-drops (Leptam- 
nium virginianum), dependent on a combination of both. However, in many of the 
Ericales at least, it is possible that, in the past, the fungous symbionts derived certain 
vitamins necessary for their growth and development from their chlorophyll-bearing 
associates, just as many mycorrhizal organisms do today. Gradually, then, through 
evolution, the spermatophytic members of these associations lost their ability to syn- 
thesize chlorophyll and became more and more dependent on the fungi for their basic 
food materials. Even so, it is not necessary to assume that the spermatophytes have 
lost the ability to synthesize these same vitamins, still necessary to the life of the fungi, 
or to assume that the symbiotic relation beween the organisms has been completely 
eliminated; only that the basic nutrition of the spermatophytic members of the associa- 
tions has been shifted. My own field observations, however, lead me to believe that 
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Previously, Piper, in his flora of Washington (1906, p. 434), had 
listed P. aphylla Sm., P. picta Sm., P. picta dentata (Sm.) Piper, and 
P. picta integra (A. Gray) Piper, with P. pallida Greene and P. sparsi- 
folia Suksdorf as synonyms of var. integra. Contemporaneously with 
Andres’ work, Rydberg (1. ¢.), who was never overly conservative in his 
interpretations, was able to recognize only three species in this complex ; 
P. aphylla Sm., P. picta Sm., and P. dentata Sm. One year later, Piper and 
Beattie (1915) dismissed the problem by saying (p. 275): “Allied to 
P. dentata and P. picta is a group of puzzling forms which represent differ- 
ent degrees of saprophytism rather than specific distinctions.” Here, and in 
a subsequent paragraph, was, I think, a clear indication that the biology of 
the organisms of this group must first be understood before their nomen- 
clature can be clarified. They, of course, traditionally recognized P. aphylla 
as distinct. 

If one were to judge solely from tie literature and its involved 
synonymy (not here completely listed), it would seem that Pyrola picta 
and P. dentata were the principal species involved in this tangle. There is, 
however, another and related form which must be considered with them. 
It is the aforementioned Pyrola aphylla Smith. 

Aside from one synonym, several so-called varieties, and one form, the 
nomenclature of P. aphylla has remained clean. This would seem to indi- 
cate that its delimitation has given previous students of its taxonomy 
almost no trouble. On the other hand, the variety P. aphylla var. paucifolia 
Howell [= (?) var. foliosa H. Andr.], should at least have raised certain 
biological queries concerning the taxonomic status of P. aphylla (sensu 
stricto). This problem was brought to my particular attention when, in 
Oregon in 1932, I collected authentic P. picta and what appeared to be 
P. aphylla on two branches of the same rhizome (near Prospect, Jackson 
County, Camp 57; figure 2). The same locality yielded authentic P. aphylla 
(Camp 63). Later the same year along Tahoma Creek, Mt. Rainier 
National Park, Washington, I came upon a series of specimens (Camp 
104a, 104b, 105, 106a, 106b) which seemed to further link these two spe- 
cies (figure 1). 

Recently, in reviewing these sheets in conjunction with the material 
available in the Herbarium of the New York Botanical Garden I noticed, 
for the first time, a curious coincidence: a series of paired (or nearly 


certain of these forms, such as the rare non-green Monotropsis odorata, sporadic as 
it often is in its occurrence, may be completely parasitic on the fungus, this organism 
in turn being further associated with some chlorophyll-bearing ericaceous plant such as 
Kalmia or Rhododendron, For the spermatophytes of this type—and wherein the exact 
biological associations were not completely known—the late J. H. Schaffner used the 
term phagophytes; a term sufficiently inclusive to cover the ambiguity of these situa- 
tions.—W. H. C. 
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paired) collections of both P. aphylla and P. picta from various parts of 


their common range. The specimens are as follows: 


Brirish Cotumsia: Vancouver Island, Mt. Benson, July 13, 1908, John 
Macoun 85606 (picta) ; ibid. 85608 (aphylla). 

Cascape Movnrains (no political division indicated): Barlow Road, 
July 24, 1894, Francis E. Lloyd (sheets not numbered). 

Wasuincton: sin loc., in 1889, G. R. Vasey 370 (picta); ibid. 371 
(aphylla). Mt. Rainier Natl. Park along Tahoma Cr., July 31, 1932, 
Camp 10 4a, b; ibid. 105 (picta) ; ibid. 106a, b. 

Oxecon: near Prospect, Jackson Co., July 23, 1932, Camp 57 (picta, 
in part) ; ibid. 63 (aphylla). 

Ipano: near Rathdrum, Kootenai County, July 20, 1892. Sandberg, 
MacDougall and Heller 674 (aphylla); ibid. 678 (picta). 

Catirornia: Lake County, Foothills south of Mt. Sanhedrin, midway 
between Potter Valley and Hullville, July 14, 1902, A. A. Heller 5860 
(aphylla, isotype of f. ramosa H. Andr.); ibid. 5861 (picta). Butte 
County, Chico meadows, elev. 4000 feet, July 23, 1914, 4. A. Heller (sheets 
not numbered). Nevada County, Greenhorn Creek, Mt. Oro Dist., July 13, 
1933, F. A. MacFadden 10936 (aphylla) ; ibid. 10939 (picta). 

Arizona: Baker’s Butte, Dr. Edgar A. Mearns (picta, intermediate forms 


and aphylla—these last on the same rhizome—on same sheet). 


Was it chance alone that determined this pairing of specimens? If so, 
there is reason to suspect that paired collections of P. picta and P. dentata 
should also be on deposit, for, according to the literature, these species 
have at times been thought of as being merely phases of each other. But 
such was not the case. I found no evidence of pairs of collections between 
P. picta and P. dentata and only one example between P. dentata and 
P. “aphylla.” 

CALIFORNIA: Sierra National Forest, Madera County, Shuteye Moun- 
tain, elev. 6500 feet, August 19, 1907, John Murdoch, Jr., 2535 
(“aphylla”) ; ibid. 2536 (dentata). 





Explanation of Figures 1-4 


Fig. 1. Series of specimens from Tahoma Creek, Mt. Rainier National Park, Wash- 
ington, illustrating degrees of leaf reduction in Pyrola picta (except c¢, c’). 

c, c’. Two specimens now suspected of being nearly aphyllous forms of P. chlorantha. 
The typical form of this species was also present in the locality. 

Fig. 2. Pyrola picta. Aphyllous and normal branches from the same rhizome, Camp 57, 
Prospect, Oregon. 

Fig. 3. Pyrola picta. Typical leaf form, C. F. Sonne, Placer County, California, 
August 7, 1896. 

Fig. 4. Pyrola dentata. Typical leaf form, J. William Thompson 12453, Josephine 
County, Oregon. 





ms 


sO, 
ita 
ies 
put 


re 


=— 
— 


nd 


ww 
~~ 


ish- 


tha. 


nia, 


ine 


1940] 


CAMP: APHYLLOUS FORMS IN PYROLA 


or 





~ 





BULLETIN OF THE TORREY CLUB LVOL. 67 


What, then, is the significance of this strong evidence of the pairing 
of specimens between P. picta and P. aphylla, the apparent rarity of it 
between P. aphylla and P. dentata, or the absence of it between P. picta 
and P, dentata? Several avenues are open to our hypotheses. It is quite 
possible that both P. aphylla and P. picta have the same, or nearly the 
same, habitat requirements, whereas P. dentata has a different set. The 
rarity of closely paired collections of P. dentata with either of the other 
two would seem to lead to this conclusion. 

So far as the status of P. dentata is concerned, I now feel that it should 
be recognized as a valid species, separate from P. picta. This conclusion 
is certainly not based on its altitudinal distribution, covering as it does 
the range of P. picta by occurring from the Humid Transition Zone into 
the Canadian Zone (there sometimes assuming the form called P. dentata 
var. integra) but, rather, on other characters, particularly those of the 
leaves. In general, the leaf-veins of P. picta are broadly white-margined, 
while those of P. dentata are not. But this character is, I think, of only 
minor importance in our fundamental interpretation of these species. In 
Pyrola, the pattern of leaf-shape is of greater significance. I am unable to 
associate, in any subspecific category, P. dentata with its strong tendency 
toward a spatulate leaf form with P. picta, whose leaf blades have a much 
stronger tendency toward ovateness, with a rounded base (figures 3, 4). 
Simulative intergrades between the two seem not to be more than casually 
common. Conversely, on the 40-odd sheets immediately available, I find 
ample evidence of a close and continuous series of intergrades between 
P. dentata and its so-called variety integra. These intergrades, some- 
times on the same sheet or even on branches from the same rhizome, form 
so close a series that I am unable to follow Piper (1. c.) who, in his key, 
separates these two (there treated as varieties of P. picta) by their leaf 
shape and glaucescence. In any event, the reduced and shortened leaf 
blades on occasional specimens from high altitudes or dry sites follow 
the pattern of P. dentata much more closely than they do that of P. picta, 
so much so that I cannot assign to them even varietal rank under P. dentata 
without additional evidence to the contrary. Neither do I feel that the 
systematic scheme proposed by Andres would do more than add to our 
perplexity. 

We now approach the problem of P. aphylla and P. picta. It has been 
said that a species consists of “a type specimen and its description.” This 


could, with equal implication, be said of varieties and, although the fore- 


going quotation was made in jest, it becomes pointedly true if we attempt 


any rigid interpretation of such described entities as Pyrola aphylla var. 
paucifolia Howell [= (?) Pirola aphylla var. foliosa H. Andr.]; Pirola 


picta, subsp. P. picta, var. sparsifolia H. Andr. [= Pyrola sparsifolia 
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Suksd.]; or Pirola picta, subsp. P. picta var. Suksdorfii H. Andr. Andres 
was fortunate in knowing these only from single collections for, when we 
bring a series of such things together, we note that no two of them have 
the same leaf size. As a consequence, no line can, in either case, reasonably 
be drawn between the species proper, their so-called varieties, or their 
extremes. 

Andres, probably following somewhat the lead of Piper (1. ¢.), appar- 
ently solved the basic problems of distinction between P. aphylla and 
P. picta on the basis of differences in inflorescence color and, in addition, 
flower size. If one now examines the previously cited pairs of specimens 
one is struck by the strong similarity (even in the dried plants) of the 
members of the pairs in both characters. 

Looking further at additional specimens, one is unable to see any con- 
stant differences in flower size or structure that might be used to differen- 
tiate these two. 

Also, a random sampling of 25 specimens each of both species was 
made to determine the average number of flowers per inflorescence. The 
results were as follows: 

Extremes: P. aphylla, 5-29; P. picta, 6-24. 
Average: P. aphylla, 14.5; P. picta, 12.5. 


Although the averages may be statistically significant, it is obvious from 
the extremes that the number of flowers per inflorescence is of no use as a 
key character. 

So far as color is concerned, little can be ascertained with positiveness 
from dried material, but specimens of authentic P. picta are available 
wherein definite evidence of a “purplish” or “pinkish” color remains, 
sometimes equal to the average color of P. aphylla. Further evidence of the 
inconstancy of inflorescence color as a clear-cut diagnostic character dif- 
ferentiating P. aphylla from P. picta may be obtained from St. John 
(1937), who clearly states (pp. 307, 308) that P. aphylla may be red 
or pink and P. picta, purplish tinged. Jepson (1925, p. 737) also states 
that the corolla of P. picta is “greenish-white or brownish flesh-color,” 
and that of P. aphylla is “whitish or flesh-colored.” In general, however, 
it would seem that the inflorescence structures of P. aphylla tend to be 
more deeply tinged with pink or red than those of P. picta. The “brownish” 
colors recorded by Jepson and also by Rydberg (1. ¢.) are, according to 
my own field observations, probably due to a combination of pale chloro- 
phyll green, a pink or red pigment, and also, possibly, certain flavones 
likely to be present in the structures. 

How, then, may we distinguish between P. aphylla and P. picta? If the 
color of the plant, the number of flowers, and their size are no sure criteria, 
can we rely on the presence of basal leaves? Andres (1. c.) was not cer- 
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tain of this matter, otherwise, under the normally broad-leafed P. picta, he 
would neither have recognized var. sparsifolia (Suksd.) H. Andr., nor 
described var. Suksdorfii H. Andr., this last a completely leafless form. 


i 


The further apparent intergrades between both “species” in my collec- 
tions from Mt. Rainier National Park and that curious specimen from 
near Prospect, Oregon, with both on the same rhizome, in conjunction 
with the previously cited paired specimens, certainly do not quiet the 
conscience of the taxonomist who would like to keep them separate. 

There is, obviously, no great series of these intermediates between 
P. aphylla and P. picta in herbaria. This, I think, may in part be accounted 
for by the fundamental psychology of the average collector. It is only 
reasonable, and commendable, that the collector take a certain pride in 
the appearance of the specimens which he places on deposit. Also, in many 


instances, he is making a representative collection of the “species” from 
within his local area and pays but little attention to what to him appear 
to be the merely stunted individuals ; rather, he collects what he has always 
considered the normal form. To be sure, he assiduously collects the bizarre 
and sometimes pathologic individuals—all too often forgetting to take 
the normal forms which grow beside these monstrosities, or to record the 
fact of their proximity—but he hesitates to collect those plants which 
he thinks will not bring credit to his reputation as a collector of “good 
specimens.” Those plants with chlorotic and poorly developed leaves 
(to him only malformed individuals of P. picta) are passed by in favor 
of the more obvious ones with their large leaves, beautifully mottled with a 
striking pattern of white and green. At the same time and sometimes 
nearby—still ignoring the intermediates—he will collect “that interest- 
ing, leafless, saprophytic plant, P. aphylla,” thus increasing the list of 
species from his local area. In such a manner, the working taxonomist— 
dependent as he generally is on poorly annotated exsiccati, and through 
no conscious blunder, either on the part of the collector or himself—is 
often led into errors of interpretation. 

However, lest I seem to be censuring the collector, it is to be admitted 
that either P. aphylla or P. picta may and in certain regions apparently 
does occur without the presence of the other. But, before we base any 
argument for the separateness of these two on any slight differences in 
their distributions, we must remember that almost nothing is known of 
their fungous associates or of the biology or geographic distribution of 
these host organisms. Herein may lie the eventual solution of our problem. 

Holm (1898) has given what to him were conclusive arguments for 
the complete autophytism of P. aphylla. I feel, however, that the major 
premises upon which he based his arguments were faulty and that his 


conclusion was therefore unwarranted. Holm also states (1. ¢., p. 250) that 
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the roots of this species are “without any trace of fungal mycelia.” This 
statement has been doubted by Henderson (1919, p. 57) who adds: “This 
seems rather improbable in view of the fact that all other members of the 
genus have been reported to have hyphae in the roots.” It is also evident 
that Holm based his somewhat too conclusive argument on a single -speci- 
men, one branch of which bore a rosette of what he termed “‘proper leaves.” 
In spite of what I think was a misinterpretation of the basic nutrition of 
P. “aphylla,” Holm did, however, make pertinent observations on the 
morphology and development of the plant; observations which need not 
be discussed here, and should not, until more work is done on a greater 
number of individuals, particularly in relation to similar structures in 
P. picta. From the standpoint of this discussion, the important contribu- 
tion of Holm’s work was to establish the previously supposed fact that 
the plant called P. “aphylla” could bear green leaves. 

Therefore, on the basis of the foregoing data, a tentative conclusion 
may be reached concerning the relationship of P. picta and P. aphylla: 
that P. picta is a facultative parasite and P. aphylla its extreme variant. 
However, the preliminary nature of such a conclusion must be emphasized. 
It is certainly safe to assume that the roots of P. picta are normally in 
close association with the mycelium of some fungus and thereby receive 
a certain nutriment. But it is not necessary to maintain that the association 
is an obligatory one, involving but a single species of fungus. It is possible 
that with one species of fungus the plant develops large leaves, and with 
another a different set of physiological conditions are set up which ordi- 
narily inhibits their full development. Also it is possible that, within a 
single species, minor variations in ecological conditions affect the fungus 
itself so that its basic physiological activities may differ, not only from 
place to place but even within the same general area. Neither dare we 
exclude the possibility of morphologically similar but physiologically dif- 
ferent races within the same species of fungus, nor ignore any differential 
effects induced by “plus” or “minus” strains of the same species. One might 
go even further and raise the question whether the mononucleate (haploid) 
or binucleate (dicaryophytic) condition of the mycelium of the fungus, 
if either could be associated with the same plant, might not induce dis- 
similar reactions in the companion organism, resulting in the P. “aphylla” 
vs. P. picta form of differentiation. 

The newer techniques for the isolation and culture of these mycorrhizal 
fungi might yield interesting results if applied to this particular problem. 
It is also suggested that the germination of seed and growth of the seedling 
on nutrient sterile media, much as is now done with the Orchidaceae, might 
furnish invaluable information towards a solution of the many problems 
surrounding these so-called species; problems not only of their nutrition 
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but also of their morphologic interrelations and consequent taxonomic 
interpretations. Are the differences between the “normal” forms of P. picta 
and P. aphylla genetic in nature, or are they due to differences in nutrition? 
Such questions are for the mycologist and physiologist rather than the 
taxonomist. 

It is only reasonable to assume that, in the group of Pyrola species 
here under discussion, a considerable portion of their basic food materials 
is almost certainly derived from their fungous associates. This is cer- 
tainly true of P. “aphylla” wherein host-parasite relations would seem to 
be completely developed. In P. picta, individuals are known with leaves 
so poorly developed that they appear to be non-functional, yet the aerial 
structures seem to be as well developed as those with large leaves. 

This lack of correlation between the leaf size and vigor of the inflores- 
cence in Pyrola picta is in rather sharp contrast to the condition in, for 
example, P. uliginosa and such other species as P. americana and P. asari- 
folia, or even their near relatives, Eralebenia minor and Ramischia secunda, 
in which there is a strong correlation: the reduced inflorescences with their 
fewer and smaller flowers generally appearing on plants with reduced 
leaves. In none of these last, however, have I ever seen the leaves reduced 
to the extent they are in P. picta. Rather, the whole plant has the appear- 
ance of being depauperate. 

If the reduction or even loss of the leaves of P. picta does not result 
in a correlative reduction in the inflorescence, it seems only proper to 
assume that the sparse chlorenchyma of its white-mottled leaves func- 


tions either poorly, or not at all, so that these structures are actually a 


drain on the food reserves of the plant rather than nutritive, photosyn- 
thetic organs. In this connection it should be recalled that the inflorescences 
of P. aphylla appear to average somewhat larger than those of P. picta. 

The variability of the red pigment (water-soluble, and therefore prob- 
ably an anthocyan of some sort) in both P. aphylla and P. picta has been 
mentioned. Also, the réle of excess food supplies in the synthesis of these 
pigments is too well known to merit discussion at this point. It would seem 
that we might explain the apparently deeper red color of P. aphylla over 
that of P. picta on the basis that this leafless parasite generally has more 
food material available than the leafy P. picta; that the latter dissipates 
its food reserves in the maintenance of a display of poorly functional leaves 
wherein respiration slightly exceeds photosynthesis. I make no apology for 
these hypothetical speculations. They are only the questions which must 
be answered before we can, with surety, arrive at a definite conclusion 
concerning the relative taxonomic position of these forms. 

For the present, I think it should be recognized that a set of intergrades 


does exist between typical P. picta and derived leafless forms; a reduction 
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of leaf area resulting ultimately in plants which I, at least, am unable to 
separate adequately from what has been considered as typical P. aphylla. 

In his monographic study, Andres (1. c.) states that leafless forms of 
his P. picta subsp. pallida (Green) [= (ex Andres) P. picta Sm. var. 
integra (Gray) Piper] have been noted, but omits mention of them under 
his subsp. dentata. As outlined previously, I am unable to separate these 
two forms. Andres cited no examples under this note, nor am I able to 
select with certainty any particular ones from the material now labeled 
“aphylla” that might belong here. There is, of course, the previously cited 
Murdoch 2535 from Shuteye Mountain, Madera Co., Calif, which, 
except for its lack of foliage leaves is, in most respects, very similar to 
Murdoch 2536 (P. dentata). It is suggested, however, that certain of the 
observed forms of P. “aphylla” with glaucous, basal leaf-bracts may rep- 
resent possible aphyllous forms of P. dentata. Field study will be necessary 
either to substantiate or disprove this viewpoint.” 

A species that has seldom been associated with this group is P. chlo- 
rantha Sw. What its intra-generic phyletic relationships with the pre- 
viously discussed species may be I am not as yet prepared to say. Bio- 
logically, however, there are certain marked similarities for, as Fernald 
(1920) remarked: “In the White Mountains and across the northern half 
of Maine .... P. chlorantha is often quite leafless or has only a few 
leaves. . . .”” Even though these leafless forms are only parenthetically 
mentioned in the key, the part of his Latin description of var. paucifolia 
dealing with these organs is certainly clear: “foliis nullis vel paucis. . . .” 
Judging by this character alone, I find that specimens of this species with 
reduced leaves, or even aphyllous—the leaves reduced to mere bracts,— 
are relatively common, not only from Michigan eastward, as the speci- 
mens cited by Fernald would seem to indicate, but also throughout the 
western parts of the species’ range in North America. The floral characters 
given by Fernald seem neither striking nor constant enough to be of great 
service in delimiting his variety from the more typical form of the species 
as it is found in its broader distribution across America. It seems rather 
that P. chlorantha is only an additional species of this genus which, with 
its other variabilities, quite regularly and throughout its range, at least 
in America, has aphyllous forms. 

These aphyllous forms of P. chlorantha may be separated from the 
similar forms of P. picta (or P. aphylla) by the same floral characters 


that distinguish the species. Among these may be mentioned particularly 


the relatively shorter and more obtuse (or even rounded) calyx lobes of 


* Since this was written, a series of specimens has been received from Mt. Shasta, 
California, which would seem to further substantiate this suggestion; they include aphyl- 
lous forms more nearly matching the P. dentata specimens than those of P. picta, all 
three forms having been collected from nearly adjacent areas along the same trail. 
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P. picta (and P. “aphylla’”’). It is on this basis that I have separated 
aphyllous material seen in Mt. Rainier National Park (fig. 1, c, c’) and 
on the Olympic Peninsula, Washington, from P. “aphylla.” Typical 
P. chlorantha was present in the immediate locality in both instances. 





NOMENCLATURAL CHANGES 






On the basis of the material here presented, the following nomen- 












clatural changes are proposed: 
Pyrola chlorantha forma paucifolia (Fernald) Camp, stat. nov. 
Pyrola chlorantha var. paucifolia Fernald, Rhodora 22: 51. 1920. 
Pyrola picta forma aphylla (Smith) Camp, stat. nov. 
Pyrola aphylla Smith, in Rees, Cycl. 29: Pyrola no. 7. 1814. 
Pirola picta, subsp. P. picta, var. Suksdorfii H. Andr. Allg. Bot. Zeitschr. 
20: 113. 1914. 


It is to be admitted that, as here interpreted, these forms are not of 






























exactly equal rank for, in his original description of P. paucifolia, Fernald 
included both reduced-leaved and aphyllous forms; whereas P. aphylla 
Smith applies only to the aphyllous form. No great confusion is envisioned 
if this usage is adopted for, after all, it would seem to more closely repre- 
sent the biological actualities of the situation: the extreme aphyllous 
condition of P. chlorantha appearing to be relatively rare, whereas 
P. picta forma aphylla is much more common and, therefore, should be 
defined with more exactness. 

The descriptions of these species should also be emended so as to 
clearly indicate that all gradations of intermediates are to be expected 
between the leafy and aphyllous forms. The formal recognition of the 
various degrees of intergradation would, I think, place an unnecessary 
burden on the literature of this group and certainly would not lead to a 
better understanding of its interrelationships. 


SUMMARY 





The genus Pyrola is on the borderline between autophytism and para 
sitism, forms of certain species apparently being quite able to flower and 
produce seed without functional leaves. It is suggested that these forms 
are, to a large extent, parasitic on the mycorrhizal fungi associated with 
them. 

Species wherein aphyllous forms are known to be fairly common 
throughout their ranges are P. chlorantha Sw., and P. picta Sm., with 
P. dentata Sm. (here maintained as separate from picta) also suspected of 
having them. 

It is suggested that P. picta Sm. is closest to the parasitic condition 
and that the well-known P. aphylla Sm. is only the extreme condition of 
this species. 
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The ultimate solution of the various problems here outlined does not 
lie in herbarium study but, rather, in more careful field work coupled, 
it is to be hoped, with aid from the geneticist, the physiologist, and 


mycologist. I commend this problem of aphylly in Pyrola, particularly that 


of the aphylla-picta-dentata complex, to my co-workers in western North 
America who, being closer to it in the field, can hope eventually to solve it. 


Tue New York Boranicat GAarDEN 
New York, New York 
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Second-division Segregation and Crossing-over in the 


Fungi’ 


B. O. Dopée 


(WITH TWO FIGURES) 


Fifteen years ago it would have been a comparatively simple matter 
to prepare a résumé of all that was known regarding Mendelian inheritance 
in the fungi. Up to that time genetic work with fungi was mostly confined 
to the study of segregation of the factors determining sex reactions. 
Burgeff (1914, 1915) obtained a number of mutant races and designated 
them by genetic symbols. He mated these mutants and proved that the 
factors for sex and for different types of growth segregate according to 
Mendelian principles. To him must go the credit for first interpreting 
genetically cultural work with fungi, although Blakeslee’s (1904) proof 
of heterothallism provided the real basis for much of this work. ~ 

I was privileged recently to hear a very scholarly review by Professor 
Alexander Weinstein of the Lindegrens’ (1937, 1939) evidence support- 
ing a theory of non-random crossing-over. Stated in simple language 
by this speaker, non-random crossing-over means that a crossing-over at 
one level between two non-sister chromatids at a four-strand stage affects 
crossing-over between the same two chromatids at other levels. 

In genetic studies of animals and seed plants an analysis of all four 
progeny derived from the reduction divisions of a single mother cell is 
impossible because three of the four are lost as polar bodies, or by degen- 
eration (in the ovule of seed plants). Geneticists are now looking with 
favor upon any organism which is well adapted for study of all four of 
the gametes (progeny). While in certain groups such as the higher basidio- 
mycetes, the smuts, and certain species of liverworts it is possible to analyze 
all four haploid progeny of one cell, such ascomycetes as the 8-spored spe- 
cies of Neurospora are even more favorable for studies of crossing-over, 
because the spindles are so oriented at the first, second, and third divisions 
in the ascus that one knows the exact relationship of the eight nuclei 
(Dodge 1927, 1930; Wilcox 1928). Alternation in an ascus of pairs of 
spores bearing different factors indicates a second-division segregation 
of those factors. 

Kniep (1922) for the first time isolated the four spores from individual 
basidia and suggested that the sex reaction of certain species must be 
governed by two independent pairs of factors Aa, Bb. Later his students 

1 Presented in substance in an address before the Torrey Botanical Club, 6 Novem- 


ber, 1939, under the title “Mendelism in Fungi.” 
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and colleagues and those of Buller investigated a number of species of 
mushrooms to determine whether their sexuality was “bipolar,” AB, AB, 
ab, ab (Ab, Ab, aB, aB), with two kinds of spores, or “tetrapolar,” AB, ab, 
Ab, aB, with four kinds of spores. In the end these workers all found that 
in certain heterothallic species some basidia are bipolar while other basidia 


in the same fruiting body are tetrapolar. From those early days to the 


Fig. 1. Above: one pair of chromosomes. Diagrams showing how four kinds of nuclei 
can result from crossing-over where two pairs of linked genes are involved. The parental 
gametes in the mating are 4b, aB. The centromeres, indicated by the heavy black lines 
across the center in each case, must always reduce in the first division. Below: two pairs 
of chromosomes. Diagrams showing how Newton and others would account for the for- 
mation of four kinds of nuclei and therefore four kinds of spores in a basidium, according 
to the theory that the reduction of one pair of chromosomes, in this case Bb, can occur 
in the first division while the second pair, in this case a4, can reduce in the second division. 
Random distribution thus would operate to provide four kinds of spores. It will be shown 
that this sort of explanation is no longer acceptable. 


present practically all who have studied smuts and higher basidiomycetes 
genetically have explained tetrapolar basidia as the result of segregation 
of one of the two pairs of factors at the first division and the other pair 
at the second division in the basidium. Until Newton (1926) gave us dia- 
grams of chromosome behavior during the two nuclear divisions no one had 


attempted to explain the mechanism of such types of segregation in the 
fungi. Her scheme was adapted in part by Kniep (1929), the essential idea 
being that one pair of chromosomes could reduce in the first division while 


the second pair could reduce at the second division (see figure 1, below). 
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Lindegren (1936, 1939) has now’ very good proof that normally the 
reduction of the centromeres occurs only at the first division of meiosis. 
Accordingly one can no longer explain tetrapolar basidia or asci with four 
kinds of spores as the result of the reduction of one pair of chromosomes 
in the first division and another pair in the second. By means of a simple 
cross-over, segregation of factors can occur in the second division though 
the chromosomes disjoin in the first division. In the light of this new view- 
point regarding the fungi it may be worth while to examine briefly some 
of the data furnished by certain students of the basidiomycetes to see if 
they have given us evidence either for genetic linkage or for crossing-over. 

Newton’s (1926) very ingenious and elaborate explanation to account 
for her 25 tetrapolar basidia now becomes a very simple matter. Of 42 
basidia (zygotes) 25 formed four kinds of spores, AB, Ab, ab, aB, after 
reduction. Nine basidia produced only two kinds, 4B, AB, ab, and ab, 
while eight other basidia also formed only two kinds, Ab, Ab, aB, and aB. 
Newton says that her data fit perfectly her assumption, which is made clear 


ee 


in her conclusion: it seems impossible to explain the experimental 
data unless one accepts the view that disjunction of homologous chromo- 
somes may take place either at the first or at the second of the two divisions 
of the fusion nucleus.” While the genotypes of the parental gametes in 
her matings are not known, we may assume that the matings were either 
AB X ab or Ab X aB, because her two types of bipolar basidia are prac- 
tically equal in number. A simple cross-over in each basidium accounts 
perfectly for the 25 tetrapolar basidia. Reduction in the first division and 
random assortment without genetic linkage account for both kinds of 
bipolar types. 

Brunswick’s (1926) results can be accounted for in exactly the same 
way. Again one has to guess at the genotypes of the parent gametes. His 


basidia probably all resulted from the same mating, however. A simple 


cross-over in connection with each of his 37 tetrapolar types accounts 
for the four kinds of spores AB, ab, aB, and Ab. It will not be necessary 
to discuss a number of similar contributions that have come out since New- 
ton’s papers appeared. We may take up Dickinson’s work; it is not such 
a simple matter to explain his results genetically according to Lindegren’s 
theory of second division segregation as determined by crossing-over. 


* At the time when he first described crossing-over in Neurospora (1933) he had only 
two linked genes, pale and sex, at his disposal, too few to furnish a satisfactory basis for 
his argument. Now with five or six linked genes at his command he can prove that second 
division segregations, with certain corrections, are measures of crossing-over percentages. 
This view should be accepted as axiomatic now that in other organisms large numbers 
of genes have been located on the same chromosomes. With disjunction in the second 
division the number of combinations possible without crossing-over would be strictly 
limited by the number of chromosomes (and mutations and other intrachromosomal 
aberrations). 





BULLETIN OF THE TORREY CLUB LVOL. 67 


Dickinson (1931) assumed that in the oat smut Ustilago Kolleri first 
division segregations could be distinguished from second division segrega- 
tions by isolating the sporidia in order from each of the four cells of the 
promycelium and growing them in culture. This is the same idea as that 
previously put forward by the writer and by Wilcox for Neurospora sito- 
phila. The cytological evidence supporting this assumption is more con- 
vincing for Neurospora. Dickinson worked with seven (as he says) inde- 
pendently segregating characters and concluded that his results fur- 
nished further evidence for the theory that one chromosome pair may 
reduce in the first division while another pair may reduce in a second divi- 
sion. Lindegren (1933) failed to mention this important contribution, 
which represents several years’ work on the genetics of this smut. Dickin- 
son’s color characters, brown, cream, and yellow, are determined by two 
pairs of factors Aa, Bb, which are additive in their effects, 4B causing 
brown color, ab causing cream, and either Ab or aB causing yellow color. 

Dickinson’s six segregation schemes (1931, p. 419) are shown below 
with certain minor changes. These schemes were based on data given in his 
Table IX (p. 412, top). He assumes, as have many others, that it is the 
genotype of the zygote that is the all-important feature. By a careful read- 
ing of his text and his preceding papers, one can determine the genotypes 
of the two gametes which he mated. The haploid parental mating was 
AB X ab, that is, brown X cream. 


Scheme I. AaBb Scheme II. AaBb Scheme III. AaBb 


al \ vA ™ oN 
AABB aakb AaBb AaBb AAbb aaBB 


 ™, F ile * ’ i. AN AN F 
AB AB ab = ab AB ab AB ab Ab Ab aB aB 


(No. found: 8) (No. found: 15) No. found: 0?) 
Scheme IV. AaBb Scheme V. AaBb Scheme VI. AaBb 


4 7 ri hs , oe.” 
AaBb AaBb AaBb AaBb AABb aaBb 


AN AN A~ ra, AN AN 
Ab aB aB_ Ab AB ab Ab aB AB Ab aB = ab 


(No. found: 4?) (No. found: 8) (No. found: 0) 


In all 35 zygotes are represented here. Disregard for the present the 
actual location of the sporidia on the promycelia, merely considering the 
number of old combinations as against the new combinations represented 
in the 140 haploid f; offspring sporidia. We find that 32 (22.8%) repre- 
sent new combinations and 108 (77.2%) old combinations, which is proof 
of a real genetic linkage. The “additive linkage” postulated by Dickinson 
when he says: “In addition the sixth scheme in which the pairs of factors 
are segregated in different nuclear divisions should be found unless the two 


pairs are connected or show linkage” is phenotypic. It is apparently a 
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linkage of effects rather than of factors, for he says (p. 419): “The 
proportions given in Table X indicate that colour factors are segregated 
about 24% times more frequently together than separately.” Now in this 
table the heading i is: “Ratio of divisions where brown and cream resulted 
to those where yellow resulted.” Dickinson’s segregations here are pheno- 
typic rather than genotypic. If he had mated two “yellows” together he 


A A 
B b 
meade  etuieeer 
15 0? 


A a A ad A A a@da 
b B B b B b b B b 
Scheme SchemeV SchemeYW 


4? 8 ) 


Fig. 2. Diagrams of types of crossing-over to illustrate Dickinson’s Schemes I-VI, but 
on the theory that the centromeres (indicated by cross lines connecting the two daughter 
chromatids) reduce in the first division. The location of the genes is purely arbitrary, as 
are the lengths of fragments which have exchanged in the cross-over. Of the five possible 
types of crossing-over Scheme VI should occur the most frequently and Scheme III the 
least frequently. 


A A aa 
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should have found in the next generation that the color factors segregated 
together only two-fifths as frequently as separately. True linkage, A and B 
on one chromosome and a and b on the homologous chromosome, would 
not explain the lack of any segregation type like that shown in his Scheme 
VI. The wonder is that he did not find more of this than of any other type, 
for Scheme VI calls for merely a simple cross-over, while Scheme II, rep- 
resented by 15 zygotes (promycelia), calls for a double cross-over in each 
case. Schemes IV and V also demand complicated series of cross-overs, as 
shown in the diagrams below. To prove that reduction of the centromeres 
always occurs in the first division, Lindegren (1933) used much the same 
line of reasoning and analysis as that presented by Dickinson, who did 
not consider crossing-over as an explanation of second-division segrega- 
tion, but, rather, assumed that reduction (disjunction) of a pair of chro- 
mosomes may occur in either of the two divisions. To explain Dickinson’s 
data, following Lindegren’s (1933) line of analysis, results in some 
striking numerical oddities when it comes to percentages of certain types 
of crossing-over. 

Furthermore, if one computes map distances, following Lindegren’s 
outline but using Dickinson’s figures, factors A and B would be 22.8 units 
apart on the basis of new-combination percentages, but on the basis of 
second-division percentages they would be either at the same locus or 77.2 
units apart. One simply cannot reconcile the two different viewpoints of 
Lindegren and Dickinson. Lindegren (1936, 1937) has now adequate proof, 
because of the discovery of five or six linked genes, that the centromeres 
always reduce in the first division, and second-division segregations are 
explained as due to crossing-over and not to reduction (disjunction) of 
chromosomes in the second division. It would, therefore, be very simple 
to assume that the positions of the sporidia on the promycelia of Ustilago 
Kolleri are not an altogether reliable basis for distinguishing first- from 
second-division segregation. In that case Dickinson’s Scheme II would be 
ruled out, the 15 zygotes going to Scheme I. Scheme IV could still remain, 
as the type of crossing-over in Scheme III, two independent simultaneous 
cross-overs at different levels, is rare. Scheme V would fall out, the eight 
promycelia going to Scheme VI, where a simple cross-over would account 
for the four types of sporidia. 

Ustilago Kolleri (U. levis) is widely distributed and wild races with 
the same genes as those used by Dickinson must be available. It would be 


interesting to carry on matings through the F2 generation and mate two 


yellow races. If the color characters are determined as Dickinson sug- 


gested, and not like tan in Lindegren’s Neurospora, and if the cross-over 
percentages hold, one should obtain on the same basis 108 yellow races to 
16 brown and 16 cream colored races out of each 140. When he mated 
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brown and cream races the numbers were 54 brown, 54 cream, 32 yellow. 
Since the factors for sex and the factors for color are not linked one could 
mate certain yellow races and no cream or brown should appear in the 
progeny. Thus the genotype of any yellow race can be determined by 
mating it with a standard tester race of the opposite sex, the symbol of the 
tester being fixed at the start as either Ab or aB. Dickinson was forced to 
assign these symbols to all his yellow races arbitrarily in his schemes 
III to VI. 

The four spores formed after reduction in the mother cell of the liver- 
wort Sphaerocarpos adhere in tetrads, so that Allen (1925-1930) could 
grow the four progeny separately and inbreed haploid individuals originat- 
ing from the same zygotes. Because of the very small size of the Y-chromo- 
some he doubts that there can ever be a cross-over involving the X and Y 
chromosomes. Furthermore, he doubts that maleness and femaleness can 
be represented by pairs of genetic factors or factor complexes that are 
inherited as units in Mendelian segregations; that is, that 2/4 can be 
represented by +-/— or A/a symbols. He also rejects the thought that 
P/p are located on the X/Y chromosomes. He does admit the possibility 
of a crossing-over involving P and p to account for second division segre- 
gation and tetrapolar tetrads, because P/p are not on the X, Y chromo- 
somes. 

From Allen’s Table 7 (1930) we gather that from the parental matings 
°p X< ¢P he was able to analyze the progeny of 70 tetrads. He has grouped 
his results in three classes as follows: 

Class (1) 39 (56%) tetrads were Qp, 9p, 2 P,P parental combinations 
Class (2) 19 (27%) tetrads were 9P,9P, 4p, 6p new combinations 
Class (3) 12 (17%) tetrads were 2p, Q9P.Qp,2P two new and two old combinations 

In Allen’s summary (1935) he says, “The preponderance of Class (1) 
over Class (2) indicates something like a linkage between sex and the 
polycladous character, but since a crossing over between the X and Y 
seems out of the question, it has been suggested that there is in this case 
a tendency for certain chromosomes derived from each parent to pass to 
the same daughter nucleus in meiosis.” This would be a new kind of linkage 
which, if true for Sphaerocarpos, could be true for Drosophila and maize. 
The percentage of new combinations listed by Allen (35.6) should indicate 
a real linkage, but Allen’s Class (2), 19 tetrads, would then have to be 
explained as due to two simultaneous independent cross-overs—altogether 
too many to expect when single cross-overs occurred only twelve times. 
One can, therefore, best explain Allen’s results by supposing that there 
is no linkage between the sex and polycladous factors and that the reduc- 


tion occurs in the first division. A simple crossing-over or exchange of 
p and P in the twelve tetrads in Class (3) would give the four kinds of 
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spores. Classes (1) and (2) would probably become more nearly equal with 


analysis of a greater number of zygotes. 

Unfortunately, Allen cannot carry on matings into the second genera- 
tion to test for linkage and crossing-over because the new combination ° P, 
female polycladous, is invariably sterile; which in itself is interesting if 
there are no genetic linkages involved. In another connection, Allen (1925) 
finds a strongly sex-linked character or factor which determines whether 
the four spores of a tetrad are united or separate. This is a diploid or 
sporophyte character and the factor, located on the X chromosome, deter- 
mines the inheritance, united or separate spores. Allen has carried this 
through a number of generations, finding only one case indicating that the 
factor for separate spores had crossed over to the Y chromosome. His 
explanation of this on the basis of an error in records or contamination 
of culture, however, seems to stand, for the writer finds no later mention 
in Allen’s papers of matings proving that the Y chromosome involved did 
actually carry the factor over to any subsequent progeny. He assumes 
that the original appearance of this factor resulted from a mutation. 

The writer has not found in Burgeff’s (1928) painstaking analyses 
of his cultural results with Phycomyces any statement to the effect that 
he believed he was ever dealing either with true linkages or crossing-over. 
He concluded that when four types of progeny developed from the ger- 
mination of a zygospore, this was due to reduction of one of two pairs of 
homologous chromosomes at the second division. 

Sansome and Philp (1939) discuss briefly genetic work on the fungi, 
beginning with that of Burgeff. They give us (p. 52) the old familiar for- 
mula diagram showing how, by the segregation of one pair of factors in the 
first division and another pair in the second division during meiosis, four 
kinds of spores or races can be obtained. Such diagrams tell us nothing 
of the mechanism involved. Their legends c and b, explaining the diagrams, 
are transposed, which is very confusing. Some of the earlier work on the 
fungi is noted, but they do not point out any concrete examples of what 
they consider proof of either real genetic linkages or crossing-over. They 
do, however, give a brief review of some of the work on Neurospora in which 
crossing-over was mentioned. 

It is difficult to analyze genetically some of the results that have been 
recorded by mycologists working on the genetics of fungi, because, as noted 
previously, the authors have not always appreciated the importance of 
determining or stating the genotypes of the parental gametes. Allison 
(1937) presents a very interesting diagram and says that it shows Men- 
delian segregation of factors for sex, dominance of rough over smooth, and 
recombination. That there must have been recombination is clear, but 


since he does not give the full genotype of either parent and does not 
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analyze the progeny of the F2 chlamydospores, one cannot tell whether in 


the parental gametes the S was + and the s was — or vice versa. 
Lindegren has emphasized the importance of inbreeding these fungi to 


obtain pure lines with which to begin work. Unless the future proves 


the contrary, breeding results must be analyzed on the basis that in the 
fungi as elsewhere reduction of the centromeres always occurs normally at 
the first division. Second division segregation, therefore, must be attributed 
to crossing-over. Both Allen and Lindegren have expressed the impor- 
tance of stating the genotypes of the gametes mated. This is an important 
factor in determining the presence or absence of linkages on the basis of 
recombination percentages. With due consideration for these principles, 
breeding work on the fungi is bound to take on greater significance. 


Tue New York Boranicat GARDEN 
New York, New York 
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Late Tertiary Floras of the Great Basin and Border Areas 


Danie I, AxELROD 


INTRODUCTION 


In addition to pointing out the general features of the northern Ter- 
tiary redwood flora, Asa Gray indicated also that a large part of the 
modern flora in the western United States may have had an origin in 
northern Mexico (1859; 1878; 1883). Paleobotanical research has pro- 
vided ample evidence in support of this concept of the twofold origin for 
much of the woody flora in western North America. The abundant fossil 
record of Washington, Oregon, Idaho, Colorado and northern California 
has made it possible to discuss the history of the northern redwood forest 
flora in considerable detail (Chaney 1936; 1938, see bibliography). On 
the other hand, the development of the north Mexican woodland flora has 
been outlined only in a general manner because fossil floras of woodland 
aspect have been unknown until but recently (Axelrod 1937, p. 144-145; 
1938 ; 1939). A collection of 12 later Tertiary floras obtained from the 
Great Basin province during the past two summers is of considerable sig- 
nificance because these floras provide additional data relative to the com- 
position and past distribution of the north Mexican woodland flora. In 
addition, they afford evidence about the general environment over the 
region and place rather accurately the southern boundary of the Miocene 
redwood flora in the Great Basin area. An analysis of the floras provides 
considerable evidence pertaining to the evolution of the woodland and 
montane forests into their respective modern communities and, finally, a 
study of the floras assists materially in formulating a paleobotanical basis 
for age determination. The floras of the Great Basin area, which are now 
being studied under the auspices of the National Research Council, were 
collected with funds made available by the Carnegie Institution of Wash- 
ington. Because the work on these floras will not be completed for some 
time, it seems desirable to present a general statement of some of the 
major conclusions already reached about the later Tertiary vegetation 
and environment of the Great Basin and border areas. 

Any interpretation of later Tertiary vegetation distributed over the 
area from southern Oregon and Idaho southward for 800 miles into the 
Mohave and Colorado Deserts, must be guided by an understanding of 
the middle Tertiary history of the region. It is therefore essential to distin- 
guish between the floras which occupied the northern and southern parts 
of the province during Miocene time. The middle Tertiary redwood forest 
flora at the north is clearly of holarctic origin, and contains three distinc- 
tive elements, the redwood, broad-leaved deciduous, and Asiatic (Chaney 
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1936). The redwood element is made up of species whose nearest related 
modern descendants now form part of the redwood forest of California 
(Chaney 1925). In addition to the coast redwood (of the Sequoia semper- 


virens type), this group includes such plants as maple (Acer), alder 


(Alnus), dogwood (Cornus), tan oak (Lithocarpus), Oregon grape 


(Mahonia), and the California laurel (Umbellularia). Such an assemblage 
reflects a climate in which extremes of temperature were lacking, and in 
which rainfall was abundant. The broad-leaved deciduous group is repre- 
sented by plants whose nearest modern equivalent species now occur in 
eastern North America. These species of hornbeam (Carpinus), hickory 
(Carya), beech (Fagus), sassafras (Sassafras), and elm (Ulmus), which 
were associated with the redwood element, suggest that rainfall was dis- 
tributed rather evenly throughout the year in the northern Great Basin 
and Columbia Plateau during Miocene time. The Asiatic element is made 
up of species whose nearest modern correlatives now occur in eastern Asia, 
an area with a climate essentially similar to that of eastern North America. 
In addition to including some of the broad-leaved deciduous genera occur- 
ring also in eastern North America, this group also contains plants no 
longer indigenous to the continent, such as the katsura (Cercidiphyllum), 
maidenhair tree (Ginkgo), keteleeria (Keteleeria), and water-chestnut 
(Tapa). 

The recorded distribution of this flora at many localities over the north- 
ern Great Basin and Columbia Plateau suggests widespread forests living 
under relatively uniform climatic and topographic conditions in areas 
where plants were accumulating. An annual rainfall of from 40 to 50 
inches distributed rather evenly throughout the year, and moderate ranges 
of annual temperature, characterized the region. The occurrence of this 
Miocene type of flora and climate over the northern portion of the province, 
and its extension westward into the coastal regions, clearly indicates that 
the Cascade Range was sufficiently low at this time to have had relatively 
little effect as a climatic barrier (Berry 1929; Chaney 1938a). 

In sharp contrast to this mesic forest flora is the arid north Mexican 
vegetation which occupied the southern portion of the province during 
Miocene time (Axelrod 1939). The dominant element includes species whose 
closest modern representatives now occur in southern California, the south- 
western United States, and northern Mexico. Characteristic plants include 
Mexican madrones (Arbutus), buckbrush (Ceanothus), hackberry (Cel- 
tis), mountain mahogany (Cercocarpus), cypress (Cupressus), fan-palm 
(Erythea), desert barberry (Mahonia), pinyon pine (Pinus), cottonwood 
(Populus), mesquite (Prosopis), desert apricot (Prunus), xeric live oaks 
(Quercus), and evergreen sumach (Rhus). Distributed among such com- 


munities as desert scrub, chaparral, savanna, and oak-pinyon woodland, 
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this type of vegetation extended eastward from southeastern California 
and adjacent Nevada into northern Mexico. Conditions over the region 
were similar in many respects to the present southern Arizona climate. 
An annual rainfall of from 12 to 25 inches was distributed largely during 
two periods of maxima, as summer thundershowers and winter rains. 
Ranges of temperature were extreme, exceeding 105° F. in summer and 


reaching freezing in winter. The drier climate in this region, as compared 


with the northern Great Basin, is consistent with its location 700 miles 
farther south, where even today rainfall is lower and where higher tem- 
peratures give higher evaporation. It would appear that in Middle Miocene 
time the southern Sierra Nevada formed a more effective climatic barrier to 
the southern portion of the province than did the northern Sierra Nevada 
or Cascade Range to the northern Great Basin and Columbia Plateau. 


LATE TERTIARY FLORAS OF THE GREAT BASIN PROVINCE 

At the end of the Miocene and in early Pliocene time there was exten- 
sive uplift along the Cascade-Sierra Nevada mountain axis. The increased 
continentality over the Great Basin province at this time, which was due 
in large measure to the interception of rain-bearing winds by these rising 
mountain barriers at the west, reduced Pliocene rainfall from 10 to 12 
inches below that of the Miocene. Instead of being distributed rather evenly 
throughout the year, rainfall at the north now appears to have been con- 
centrated into the summer and winter months. Temperatures changed 
from moderate, with a low range of variation and few extremes of high 
or low, to higher ranges and greater extremes (Dorf 1936, p. 97). These 
latest Miocene and early Pliocene conditions were unfavorable for the wide- 
spread forests at the north. This is shown by the restricted nature of red- 
wood, by the development of a border aspect to the redwood element, by 
the poor representation of the broad-leaved deciduous and Asiatic elements, 
and by the increasing numbers of arid southern plants. In other words, 
this climate was more nearly optimum for the arid north Mexican flora. 
Migrating northward, members of the southern element attained their 
greatest distribution in latest Miocene and early Pliocene time. They 
ranged northward through the Great Basin and into the Columbia Plateau, 
as well as westward into central California and eastward to Oklahoma 
(Axelrod 1939, p. 49-58). 

The members of this arid north Mexican vegetation are represented in 
the three generalized communities which may be recognized over the Great 
Basin area during later Tertiary time. From north to south, these asso- 
ciations are: the relict redwood forest flora; a central oak-juniper wood- 


land community ; and desert-border vegetation at the south. 
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The relict redfood forest,’ as judged from the later Tertiary floras 
of the province, ranged across the region of the present sagebrush low- 
lands of southern Oregon and Idaho, and extended southward along the 
Sierra Nevada and higher Basin Ranges into the central part of the 


province. Typical members of the montane forest include: 


Abies Libocedrus 
Acer Lithocarpus 
Alnus Mahonia 
Amelanchier Pinus 
Arbutus Populus 
Betula Prunus 


Castanopsis Pseudotsuga 


Although the redwood is rare at the north and has not been recorded in 


central Nevada, members of the broad-leaved deciduous and Asiatic groups 


have a representation in this latter area. The relict occurrence of such 
regular northern Miocene genera as Carya, Cebatha, Nelumbo, Trapa, and 
Zelkova in the late Miocene at Coal Valley, near Wichman, Nevada (Axel- 
rod 1940), indicates that the northern forest flora ranged southward at 
least to that area. As judged from their recorded absence in floras farther 
south, it would appear that the northern Miocene flora did not range over 
lowland areas south of latitude 38° in western Nevada during later Ter- 
tiary time. 

Although members of the southern flora are associated with the mon- 
tane community, a limited occurrence suggests that they occupied drier 
sites in the adjacent region. These include species of madrone (Arbutus), 
buckbrush (Ceanothus), mountain mahogany (Cercocarpus), silktassel 
bush (Garrya), juniper (Juniperus), barberry (Mahonia), pinyon pine 
(Pinus), oaks (Quercus), and locust (Robinia). Rainfall over the area of 
distribution of the relict redwood forest flora apparently varied from 
20 to 30 inches, depending on location in the province, elevation, and posi- 
tion with respect to mountain barriers. Temperatures were considerably 
more moderate than those now obtaining over the area, and in general were 
like those now found along the western slopes of the Sierra Nevada. 

The oak-juniper woodland community’ characterized the central part 
of the province, with oaks and juniper dominant. The oaks, which may be 
compared with such modern species as Quercus arizonica Sargent, Q. chry- 
solepis Liebmann, Q. Engelmannii Greene, Q. Douglasii Hooker & Arnott, 


1 Members of the montane forest occur as an important element at Wieser, Idaho; 
Alvord Creek, Oregon; Fallon, Verdi, Chalk Hills, and Coal Valley, western Nevada. 

2 Members of the woodland community occur as an important group at Verdi, Fallon, 
Coal Valley, and Esmeralda, Nevada; Ricardo, Mint Canyon, and Mount Eden, Cali- 
fornia. 
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Q. hypoleuca Engelmann, and Q. Wislizenii DeCandolle, include the fol- 
lowing among their regular associates : 

Arbutus Garrya 

Arctostaphylos Juglans 

Ceanothus Mahonia 

Celtis Pinus 

Cercocarpus Populus 

Cupressus Rhus 

Diospyros Robinia 

Fraxinus Sapindus 


Fremontia 


Their wide distribution over the central part of the province suggests a 
rainfall of from 14 to 18 inches annually, and temperatures more nearly 
like those now found in southern California and southern Arizona. The 
limited representation of members of the northern forest in some of these 
woodland floras suggests that they occurred in the adjacent mountainous 


areas where rainfall was greater and temperatures more moderate. 

It is significant that members of the Sagebrush formation, such as 
Artemisia, Peraphyllum, Prunus (aff. P. Andersonii), and Purshia, have 
been found associated with the woodland community. During later Tertiary 


time they probably occupied drier and more exposed sites over the region 
in a manner typical of their present occurrence in woodland areas. 

The desert-border community’ is composed of species whose closest 
living representatives are characteristic of arid regions throughout their 
ranges, and all are found bordering desert areas. They may grow on 
desert slopes and along desert washes, or may be present on deserts oppo- 
site the mouths of streams where moisture is more available than in the 
desert proper. Characteristic members of this group include the following: 

Crossosoma Prosopis 

Ephedra Prunus 

Erythea Palm cf. Washingtonia 
Lepidospartum Yucca 


Although woodland species may have a representation in these floras, mem- 
bers of the montane forest are absent. Rainfall over the area of desert- 
border vegetation ranged from 10 to 14 inches yearly. In general, condi- 
tions now prevailing along the border of the Colorado and Sonoran Deserts 
most nearly approximate those of early Pliocene time in the southern Great 
Basin. 

It is thus clear that 3 generalized communities occupied the Great 
Basin area during later Tertiary time. At the north, and extending south- 


’ Later Tertiary floras with desert-border vegetation occur at Ricardo, Mint Canyon, 
and Mount Eden in California, and near Wikieup, Arizona. 
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ward along the higher mountains, was a montane forest. A woodland com- 
munity characterized the central part of the province and a desert-border 
flora occurred at the south. As judged from modern vegetation resembling 
these associations, rainfall ranged from 20 to 30 inches in the northern 
community, from 14 to 18 inches in the central woodland group, and from 
10 to 14 inches in the southern desert-border association. In general, tem- 
peratures for the three communities resembled those now found along the 
western slopes of the Sierra Nevada, in southern California and southern 
Arizona, and along the borders of the desert in southeastern California 
and northern Mexico. 


POST-LOWER-PLIOCENE FLORISTIC EVOLUTION 


Post-Lower Pliocene climatic changes, resulting from the continued 
elevation of the Sierra Nevada-Cascade mountain barrier at the west, 


caused a further decrease in annual precipitation. The lowering of yearly 


rainfall over the province from early Pliocene to Recent is on the order of 
10 inches, but varies from 5 to 15, depending on location with respect to 
mountain barriers and elevation. Effective summer thundershowers gradu- 
ally ceased to occur in the province, and the ranges and extremes of tem- 
perature increased throughout later Cenozoic time. The floristic evolution 
in the woodland and montane groups which resulted from these climatic 
changes is summarized below. 

With respect to the northern flora, the Asiatic and broad-leaved decidu- 
ous elements, as well as the climatically sensitive Sequoia, seem to have been 
eliminated from the province during Lower Pliocene time. Although a large 
part of the coniferous forest and its regular associates have survived to the 
present in modified form in the adjacent mountains, there have been impor- 
tant changes in distribution. These modifications, which were largely a 
restriction of range in response to changes in rainfall and temperature 
factors, have played a major role in the differentiation of four coniferous 
associations in western North America; the Redwood, Sierra-Cascade, 
Coast, and Petran (Clements 1920). 

1. The redwood forest was limited coastward to areas of greater rain- 
fall and moderate ranges of temperature (Chaney 1938a, p. 109; 
1938). 

The Sierra-Cascade association was segregated from the redwood 
forest and seems to represent an arid phase of that flora (Mason 
1936, p. 188). Low winter temperatures appear to have been a 
critical factor in its elimination from the central and northern 
Great Basin, an area where members of the forest have a large 
later Tertiary representation. 

The Coast forest was restricted northward and coastward to areas 
of greater rainfall. 
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Only the Rocky Mountain Petran forest has survived throughout 
the higher ranges over the Great Basin and adjacent areas. This 
is due probably to the wide ranges of tolerance of the component 
species. 
Since the fossil representatives of these communities form a regular part 
of the Miocene forest flora, it is clear that the broad ecotone displayed 
by these four associations in northern California and southern Oregon has 
definite historical significance. 

As for the woodland group (Clements 1920), there is ample evidence 
for the conclusion that this formation also was a generalized and undif- 
ferentiated community in later Tertiary time. The three modern associa- 
tions, the oak-juniper of the southwestern United States and northern 
Mexico, the pinyon-juniper of the Great Basin and Colorado Plateau, and 
the digger pine forest of California, have been segregated from this 
community. Later Tertiary climatic changes relating to the development 
of the modern associations are as follows: 

1. Regular dominants and typical associates of the oak-juniper asso- 
ciation were restricted into the southwestern United States and 
northern Mexico as effective summer thundershowers disappeared 
from the western Great Basin. 

In areas of the northward extension of the community into the 
Rocky Mountain area, colder winter temperatures appear to have 
been an important factor in its southward restriction. 

The digger pine forest of California was eliminated from central 
Nevada in response to low winter temperatures. 

This same factor, extreme low winter temperatures, seems related 
to the southward retreat of pinyon pine from areas of its former 
occurrence in the northern Great Basin. The modern pinyon- 
juniper community of the Great Basin and Colorado Plateau is 
considered to represent a part of the north Mexican flora that 
became adapted to changing conditions at the north. 


It is to be emphasized that the fields of plant physiology and paleo- 


botany overlap when an attempt is made to explain the later floristic 
evolution of these woodland and montane floras. Although some of the 
major factors controlling distribution seem to be known, their réle in 
plant distribution is not always clear. A fertile field for research would be 
a consideration of the factors controlling forest distribution, especially 
as related to the northern and southern boundaries of natural forest com- 
munities, and to their outpost occurrences. 

In connection with the present areas of the pinyon-juniper woodland 
association in Nevada, it is significant that in some of these areas a domi- 
nant montane flora occurred in late Miocene and early Pliocene time. It 
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may be suggested that as rainfall was lowered, the montane forest was 
restricted into the adjacent mountains where it now forms the Petran 
forest, and that the pinyon-juniper association invaded the lowland areas 
and has dominated regions of the former montane forest since Middle 
Pliocene time. 

Similarly, the Great Basin sagebrush now occupies much of the area 
formerly inhabited by the late Tertiary woodland formation. Records of 
the sagebrush formation have been found with the woodland group, and, as 
has been already pointed out, these shrubs probably occurred as a seral 
stage over the area in early Pliocene time. Perhaps moving northward with 
the woodland group in the late Miocene, these plants gradually invaded 
lowland areas as rainfall was lowered and the surviving pinyon-juniper 
association was limited to higher elevations. In any event, the Great Basin 
sagebrush is clearly post-Lower-Pliocene in its development as the climax 
formation over the area. 


CRITERIA FOR AGE DETERMINATION 
The stratigraphic occurrence of fossil species in floras of known age 
provides an index of age within a given region in Miocene or Eocene time 
only because the forests of these epochs were relatively homogeneous and 
widespread. The stratigraphic value of this method is weakened consider- 


ably in later Tertiary time because the floral provinces are more narrowly 


defined and a greater diversity of habitats is represented. Obviously, age 
determination of later Tertiary floras from the standpoint of species pos- 
sessed in common with floras of known age, even within a given province, 
becomes largely a matter of correlating floras of similar ecological posi- 
tion. Since the floras of the later Tertiary are highly localized in aspect and 
vary widely in composition over short distances, comparisons must com- 
monly be made between floras of different composition. In other words, 
the problem of correlating these later floras is comparable to proving, 
for example, that the modern redwood forest of coastal California is con- 
temporaneous with the pinyon-juniper community of western Nevada. 
As a basis for age determination of the later Tertiary floras in west- 
ern North America, the north Mexican element is proving to be of greater 
stratigraphic value than was at first expected (Axelrod 1938). This arid 
southern element which migrated northward into the western United States 
as the climate at the north became drier and warmer is now known to have 
invaded each province only during a given stage, depending on latitude 
and position with respect to mountain barriers and the ocean. Widespread 
in the western Mohave area in early Middle Miocene time (Axelrod 1939), 
the southern element appeared in the central part of the Great Basin 
province during Upper Miocene, and invaded the northern Great Basin 
and Columbia Plateau only at the end of that stage and in the earliest 
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Pliocene (Axelrod 1939, p. 53). The later appearance of the southern 
element in the area west of the Sierra Nevada and Transverse Ranges of 
southern California is explainable on the basis that humid conditions 
continued longer on the windward slopes of those ranges. The group occurs 
in southern California in Upper Miocene time (Axelrod 1940a), along the 
western slopes of the  entral Sierra Nevada during earliest Pliocene 
(Condit 1940), and in the San Francisco Bay area at the end of Lower 
Pliocene time (Axelrod 1940b). 

It is to be emphasized that there is a direct relationship between the 
invasion of the arid north Mexican element into a province at the north, 
and the gradual reduction in numbers and elimination of the more mesic 
redwood, broad-leaved deciduous, and Asiatic elements of northern origin. 
The modification of these northern elements provides a further basis for 
age determination, because they show a rapid change in composition and 
distribution in later Tertiary time in response to the trend to aridity 
(Chaney 1936a). The representation of these elements differs in the respec- 
tive provinces at any one stage in the later Tertiary. In Lower Pliocene 
time, for example, the broad-leaved deciduous element is abundant in west- 
central California (Axelrod 1940a), it forms a minor element in the 
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northern Great Basin, and is largely absent in western Nevada. The rela- 
tive abundance of the northern elements in a province in later Tertiary 
time is a reflection of the degree of aridity, and is proportional to the 
development of the southern element. 

Accordingly, only by recognizing a definite floristic sequence in each 
province during the later Tertiary can a basis for age determination be 
established which may prove to be significant stratigraphically. Also, only 
by recognizing a definite floristic sequence in each province is it possible 
to show that later Tertiary floras having few or no species in common may 
be essentially contemporaneous. Fortunately, all the floras in the Great 
Basin area with the exception of the Alvord Creek occur in association 
with vertebrate faunas which have a known stratigraphic level. As now 
understood, the relative ages of the floras in the Great Basin and border 


areas are as shown in the table on page 485. 


SUMMARY 


An arid north Mexican flora ranged from northern Mexico into south- 
eastern California during Middle Miocene time, when the redwood forest 
flora lived in the northern Great Basin and Columbia Plateau. Late Mio- 
cene and early Pliocene elevation of the Sierra Nevada-Cascade mountain 
barrier along the western edge of the province resulted in a lowered rain- 
fall and greater extremes of temperature at the north, allowing the north- 
ward migration of many members of the southern element. 

Later Tertiary floras distributed from southern Oregon and Idaho 
southward for 800 miles into the Mohave and Colorado Deserts show 
that the members of this north Mexican element are represented in the 
three generalized communities which may be distinguished over the area 
at this time: a relict redwood forest flora at the north, a central woodland 
association, and a desert-border community at the south. 

The nature of the climate over the region is discussed, later Tertiary 
floristic changes are indicated, and a basis for correlation is presented. 

Tue Unirep States NatTIonaL Museum 

Wasuineton, D. C. 
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Experimental Phymatotrichum Root Rot of Retama and 
Corn’ 


G. M. Warkins’ aNp Matitpe Orero Watkins 


(WITH 27 FIGURES) 


Several investigators have used very young seedlings growing under 
aseptic conditions in vitro as subjects for experimentally induced disease. 
The method has been employed in histological and cytological studies of 
watermelon (Butler 1935) and cotton (Watkins 1938a) infected with the 
fungus Phymatotrichum omnivorum (Shear) Duggar. The study of 


infected roots of cotton seedlings, as well as later work on naturally 
occurring Phymatotrichum root rot of field-grown cotton (Watkins 
1938b), indicated that hyphal secretions play an important part in the 


attack and destruction of host tissues by the fungus. 

Although all monocotyledonous plants and a number of dicotyledonous 
species are considered from field observations to be immune from Phymato- 
trichum root rot (Taubenhaus and Ezekiel 1936), the fungus has been 
observed by King and Loomis (1929) on roots of date palms and on root 
crowns of sorghum. The extent of parasitism in such cases is difficult to 
determine. Dr. C. H. Rogers (unpublished data), however, found damag- 
ing lesions produced by the fungus on roots of day lily (Hemerocallis sp.). 
In the work reported here preliminary experiments with several immune or 
resistant species, using the pure-culture technique referred to above, showed 
that all were attacked more or less readily in seedling stages by P. omnivo- 
rum. Two of these, retama (Parkinsonia aculeata L., Leguminosae) and 
corn (Zea Mays L.), were chosen for detailed observation, and from 
infected roots of their seedlings adequate material was preserved for cyto- 
logical study. Both species are considered immune from the disease at 
maturity under field conditions (Taubenhaus and Ezekiel 1932, 1936). 


MATERIALS AND METHODS 


The procedure used in this work for preparing seedlings for inoculation 
was similar to that described elsewhere (Watkins 1938a; Watkins and 


1 Approved by the Director as Technical Paper No. 571 of the Texas Agricultural 
Experiment Station. 

This work was done in the laboratories of the Division of Cotton and Other Fiber 
Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, 
Washington, D. C. The writers are grateful to Dr. H. D. Barker, Senior Pathologist, 
and other officials of the Division for valued advice and encouragement, and for the 
excellent facilities made available for the work. To Mr. M. L. Jaeger, Photographer of 
the Division, the writers express appreciation for his kindly and able help in the photo- 
micrographic recording of data. 

2 National Research Fellow in Botany, 1938-39. 
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Watkins 1940). Seed of retama was collected from trees growing at Austin, 
Texas. After immersion for 4 hours in concentrated sulphuric acid, fol- 
lowed by washing and soaking overnight in water, almost all seeds germi- 
nated readily. The corn seed, obtained from commercial stock, was of the 
variety “Cream and Honey,” a sweet corn. Seeds of both species were sur- 


face-sterilized by treatment with mercuric chloride solution, washed in 


sterile water, and placed on sterile potato-dextrose agar in Petri dishes. 


As soon as the majority of seeds in any given lot had produced seedlings 
with hypocotyls from 15 to 25 mm. long, all dishes were examined care- 
fully for the presence of possible contaminating organisms. Contaminated 
plates were discarded; the remainder were inoculated by placing near the 
root of each seedling a block (approximating a 2 mm. cube) of sclerotia 
taken from a pure culture of P. omnivorum. The cultures were then incu- 
bated in an air-conditioned room at approximately 28° C. The process 
of infection in these plates was observed daily for a week or longer, and 
at times during this period, as the condition of the cultures suggested, 
variously infected seedling roots were removed and fixed in Allen’s modified 
Bouin’s solution. All material was embedded in paraffin in the usual manner 
and sectioned serially at 8-10». Three staining techniques were employed: 
the Flemming triple, the Heidenhain iron alum-haematoxylin, and the 
Pianeze IIIb. 


OBSERVATIONS 


In general the externally visible process of infection in seedlings of 
retama and corn resembled that described in detail for seedlings of cotton 
(Watkins 1938a). Hyphae growing out from the inoculum, which had 
been variously placed with reference to the seedlings, generally touched 
the roots in from 24 to 72 hours after inoculation, and then began to form 
characteristic delicate, white mycelial wefts which gradually spread over 
all parts of the roots. The enveloping hyphal sheath was at first a weft of 
sparsely distributed filaments which interlaced with the root hairs. Further 


Explanation of Figures 1-10 


Figs. 1-10. Longitudinal sections of roots of retama seedlings inoculated with 
P. omnivorum, Fig. 1. Epidermis and outer cells of the cortex destroyed by substances 
absorbed from the sclerotial mass. The nucleus in the cell beneath appears more or less 
normal. Fig. 2. Similar to fig. 1, except the nucleus is dark-staining. Fig. 3. Irregularly 
shaped nucleus in a cortical cell adjacent to the collapsed epidermis. Fig. 4. A root hair 
surrounded by hyphae. The epidermal cell to the left has collapsed. Fig. 5. Collapsed 
root hair and epidermis. Fig. 6. Disorganization of the epidermis, showing fragments of 
swollen and partly destroyed host cell walls. Fig. 7. A portion of the epidermis and 
outer cortical layers which have collapsed, showing a hyphal tip entering the cavity of 
a ruptured cell. Fig. 8. Similar to fig. 7. Note the increased thickness of host cell walls 
nearest the hyphae. Fig. 9. Hyphae growing between the separated layers of a cell 
wall in the cortex. Fig. 10. Similar to fig. 9. The cross wall shows separation into layers. 
Figs. 1-8 «345; Figs. 9-10 x 760. 
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growth caused it to thicken into a more or less continuous fungal covering, 
at first white, but later becoming light-brown or buff. The formation of a 
complete hyphal envelope was more rapid on roots of corn seedlings than 
on those of retama. The robust seedling roots of the later species, with 
their unusually dense covering of stout root hairs, seemed for some rea- 
son to offer more resistance to the progress of the mycelium, with the 
result that two or three days longer were generally required for their com- 
plete envelopment. 

As a consequence of movements caused by growth of the seedlings, 
certain parts of the roots were occasionally brought in contact with the 
cut surfaces of sclerotia for a few hours or longer during the first day 
after inoculation. In such cases the host tissue at the point of contact 
usually was injured even before hyphae had begun to grow out from the 
inoculum. The yellow or brown sunken necrotic areas that developed on the 
roots after such contacts resembled those which might result from momen- 


tarily touching the root with a hot wire. 
PATHOLOGICAL HISTOLOGY 


Retama. From sections of roots fixed in various stages of the process 
of hyphal envelopment it was possible to study microscopically the increas- 
ing damage to the host, as well as the manner in which invasion by the 
mycelium occurs. Lesions produced by a few hours’ contact of root with 
sclerotium show in section the collapse of the epidermis and a few of the 
immediately underying layers of the cortex (figures 1, 2). Close examina- 
tion of the collapsed cells reveals that some individual walls, which have 
become greatly increased in thickness and often distorted, may be sepa- 
rated into layers. These walls stain very densely with safranin and gentian 


violet, with haematoxylin, or with malachite green, according to the stain 


combination used. In other cases the original cell walls are so tightly com- 


pacted that an almost homogeneous dark-staining layer results. If the 
contact between root and sclerotium is of sufficient duration, the necrotic 
tissue becomes a substratum for the many hyphae that arise from the 
inoculum and envelop the dark-staining fragments of root hairs (figure 3). 

Sections of roots that had escaped contact with the inoculum but had 
been attacked subsequently by the mycelium show the hyphae lying irregu- 





Explanation of Figures 11-15 


Figs. 11-15. Figs. 11-12 and 14-15. Longitudinal section of roots of seedlings of 
retama infected with P. omnivorum,. Fig. 13. Longitudinal section of infected stem of 
retama seedlings. Fig. 11. Epidermis destroyed and invaded by hyphae; the progressive 
stages in swelling, collapse, and breakdown of cells is clearly shown. Fig. 12. Hyphae 
entering a rupture in the cortex caused by the emergence of a lateral root. Fig. 13. 
Hyphae entering and occupying several cells of the stem. Note distortion and increased 
thickness of walls near the hyphae. Fig. 14. Hyphae entering a rupture in the root tissue. 
Fig. 15. Hyphae growing through the cortex of a root. Figs. 11-15 345. 
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larly on the epidermis and among the root hairs. After the weft has thick- 
ened considerably, the filaments appear to have surrounded the original 
root hairs and to have occupied most of the spaces between these structures 
(figure 4). In stained sections of such material the walls of root hairs and 
other epidermal cells adjacent to the hyphae have usually absorbed certain 
dyes to an extent greater than normal. The Pianeze IIIb technique is espe- 
cially well adapted to showing altered staining reactions of this type. The 
malachite green of this combination, which is not absorbed heavily by walls 
of normal parenchymatous cells, imparts a deep green color to any such 
walls that have been exposed to hyphae of P. omnivorum. The walls of 
epidermal cells in contact with the mycelium appear to be increased in 
thickness and at various places are ruptured, distorted, or separated into 
visible layers (figure 5). Host cells thus attacked by the mycelium later 
appear to be devoid of living matter and finally collapse into irregularly 
shaped structures or masses, which usually stain very densely. Continued 
fungal action leads to the disintegration of collapsed tissue into frag- 
ments of various sizes and shapes, which can often be seen among the fila- 
ments of the weft (figure 6). Concurrently with this process, individual 
hyphal tips may enter the lumina of cells whose exposed walls have begun 
to break down (figures 7, 8). 

The action in advance of hyphal entry observed by de Bary (1886) 
and subsequently by many investigators for numerous fungi is abundantly 
shown in the present material. Six or more layers of cells within the last 
hyphae have been found exhibiting various stages in disintegration. Most 
examples of this demonstrate a clear succession of stages from the inner- 
most cells, showing the beginning of an abnormal staining reaction and 
increased thickness of walls, to the outermost, which have broken into 
fragments among the hyphae (figure 11). 

In addition to invasion of the host by chemical breakdown of its tissues, 
the enveloping mycelium also grows into ruptures in the cortex caused by 


the emergence of lateral roots (figure 12) and into breaks in the epidermis 


produced by mechanical injury (figure 14). This method of entry has been 





Explanation of Figures 16-23 


Figs. 16-23. Longitudinal sections (except fig. 22, which is transverse) of corn seed- 
lings infected with P. omnivorum. Fig. 16. Hyphae aggregated outside the root; the 
epidermis is collapsing, and a moribund nucleus is shown in the adjacent cortical cell. 
Fig. 17. A hypha entering an outer cell of the root; the walls of the cell entered show 
swelling. Fig. 18. Hyphae surrounding the collapsed root hairs. Fig. 19. The epidermis 
and outer cortex being broken down by the action of the hyphae. Fig. 20-21. Hyphae 
growing into the remains of destroyed root tissue. Fig. 22. Hyphae occupying the cavi- 
ties of epidermal and exterior cortical cells. Fig. 23. Similar to fig. 22; note the remains 
of host cell walls among the hyphae. Figs. 16-23 345. 





WATKINS AND WATKINS: PHYMATOTRICHUM ROOT ROT 


1940] 



















































































































































L96 BULLETIN OF THE TORREY CLUB [VOL. 67 


observed by all investigators who have studied the disease from the histo- 
logical standpoint, including Brinkerhoff (1939) who has recently reported 
observations on infected roots of pecan trees. There is abundant evidence 
from infected roots of retama that the fungus, after it has occupied such 
cavities, continues invasion in the manner described above. 

In the earlier description of Phymatotrichum root rot of cotton seed- 
lings (Watkins 1938a) two processes were noted by which the mycelial 
agglomeration attacked the root of its host. The first of these, progressive 
destruction of host cells from the epidermis to the interior, is identical 
with the process described above for retama. The second method involved 
the penetration of individual hyphal tips at various points on the epi- 
dermis and the subsequent growth and ramification of these hyphae through 
and between all cells of the cortex and central cylinder. Most sections of 
infected roots of retama showed no penetration of individual hyphae into 
the cortex. In certain preparations, however, the growth of individual 
hyphae throughout the cortical tissues was seen (figure 15). In these cases 
the advancing hyphal network did not seem at first to destroy the con- 
tinuity of host tissues in the interior of the root, but destruction of cells 
immediately beneath the enveloping weft was observed. Thus a combination 
of the two types of mycelial action may occur, or one may sometimes lead 
into the other. The individual hyphae in such sections are often found 
between separated layers of cell-wall material (figures 9, 10). Roots in 
advanced stages of infection show the mycelial network in the stele, branch- 
ing and growing through the vascular tissues. 

During the infection of seedlings of retama the stems, as well as the 
roots, are often surrounded by the mycelium. For the sake of comparison 
a few pieces of infected stem were fixed and sectioned. In this material the 
fungus usually brings about the characteristic swelling and disruption 
of the exterior walls of the epidermis, forming apertures through which 
the fungus penetrates. While the mycelium is filling the lumen of an invaded 
cell, the contiguous walls of adjacent cells are broken down in the same way, 
and the fungus continues its growth longitudinally and centripetally 
(figure 13). 

Corn. An examination of a series of preparations showing progressive 


stages in the infection of roots of corn seedlings by P. omnivorum indicates 








Explantion of Figures 24-27 


Figs. 24-27. Sections of roots of corn seedlings infected with P. omnivorum. Fig. 24. 
Hyphae invading cortex; the remains of destroyed tissue appear as irregular dark- 
staining masses among the hyphae. Longitudinal section. Fig. 25. Hyphae invading the 
cortex. Transverse section. Fig. 26. Hyphae completely occupying cortical cells; note 
that in this case the original continuity of cell walls appears essentially unchanged. 
Transverse section. Fig. 27. Hyphae in the cortex showing host nuclei near hyphae, but 
apparently normal. Longitudinal section. Figs. 24-27 345. 
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that the process is closely similar to that described in detail above for 
retama. For that reason only an abbreviated account will be given of 
infection as it occurs in corn. The action exerted by the enveloping 
mycelium results in the thickening of walls, collapse of cells, and the final 
disintegration of tissue in the progressively exposed parts (figures 16—24). 
The penetration of individual hyphae into the host tissues was observed 
more frequently in corn than in retama. In such cases the hyphae grow 
through the cell cavities and intercellular spaces (figure 25) until an 
irregular mycelial network is formed within the cortex of the root (fig- 
ures 25, 27). By further growth and ramification the fungus tends to 
occupy completely the lumina of the invaded cells, producing a solid mass 
of hyphae partitioned by the remains of the host cell walls, which preserve 
the outlines of the original continuity of the tissue (figure 26). The com- 
plete occupation of host cells progresses from those first invaded, at the 
periphery of the root, towards the central cylinder. In extremely advanced 
stages of infection even the outlines of the walls of cortical cells tend to be 
obliterated, or at least reduced to dark-staining, distorted fragments. By 
the time this has occurred the various elements of the vascular cylinder 
are permeated by a network of mycelium. 


REACTION OF 





PROTOPLASTS 





TO HYPHAL INVASION 

The account thus far has dealt exclusively with the action of the 
fungus on tissues and on cell walls in roots of retama and corn. The 
protoplasts in roots of both species show a characteristic reaction to the 
presence of hyphae that is of interest, especially in comparison with the 
previously described behavior of the cytoplasm and nuclei of cotton roots 
under similar circumstances. As has been noted before, the protoplasts 
of cotton roots begin to undergo degenerative changes very shortly after 
having been exposed to the accumulating mycelium. In retama and corn, on 
the other hand, the nuclei and cytoplasm seem to be more tolerant of the 
proximity of the fungus, or perhaps more resistant to its action. Prepara- 
tions of retama show many nuclei of entirely normal appearance and 
staining reaction in root hairs completely surrounded by the hyphal weft. 
The cytoplasm in these cells seems to remain more or less normal until 
the wall begins to swell; with the degeneration of the wall, however, the 
cells frequently undergo plasmolysis and the cytoplasm is abnormally 
granular (figure 4). Simultaneously the capacity of the nucleus to absorb 
stain increases so markedly that it appears as an opaque body. By the 
time the cell collapses the protoplast has usually degenerated completely. 
Nuclei and cytoplasm of normal appearance are frequently seen in cortical 
cells of retama and corn adjacent to tissue destroyed by mycelial action. 
Ultimately, however, these protoplasts degenerate in the manner described 
(figures 1, 2, 3,11). 
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In the examples mentioned of the growth of a network of hyphae 
through the cortex the innermost, advancing margin of the mycelium 
seems to travel chiefly through the intercellular spaces. Just behind this 
margin the thickened network includes a few hyphae that have begun to 
enter the cavities of cells, and with increasing age of the infection the host 
cells are more and more completely filled with the fungus. In the roots of 
retama and corn penetrated in this manner some of the most striking 
cases are found of tolerance of protoplasts to the presence of hyphae. 
Nuclei and cytoplasm of normal appearance and staining reaction are 
often found in cells bordering the mycelium (figure 27). In many cells the 
nuclei fail to show abnormalities even after the cells have been entered 
by one or more hyphal tips. With the continued proximity of the ever- 
thickening hyphal network, however, the protoplasts begin to degenerate, 
and finally there is no evidence of living host material in the invaded 
cells. Degenerating nuclei are characterized by decreased or increased 
ability to absorb stains ; examples of both are abundant in invaded cortical 
tissue. It was impossible to determine from the material examined whether 
these two characteristic reactions represent distinct types of nuclear 
degeneration, or different stages in the same process. 

There is no evidence from the material studied that the roots of retama 
and corn are ever stimulated by the presence of the fungus to form special 
structures or tissues to inhibit further invasion by the mycelium. 

DISCUSSION 

The various attempts to determine the basis of immunity or resistance 
to Phymatotrichum root rot have been reviewed by Ezekiel and Fudge 
(1938), who attribute the immunity of monocotyledonous plants “at 
least in part to the presence in the roots of these plants of minute quan- 
tities of acidic, ether-soluble substances, possibly organic acids or esters.” 
More recently biochemical studies by Greathouse (1938, 1939; Greathouse 
and Watkins 1938) have correlated resistance in certain species with the 
presence of alkaloids or other compounds demonstrated in the roots. 

Very young seedlings of retama and corn, growing on nutrient agar, 
readily become infected after inoculation with a pure culture of P. omni- 
vorum. Histological study shows that the disease induced in this manner 
follows a course very similar to that known for seedlings of cotton, which 
is highly susceptible. If the immunity of retama and corn in the field is 
related to the presence in the roots of compounds inhibitory to the growth 


of the fungus, then it might be suspected that those substances are not yet 


present in sufficiently toxic concentration in young seedlings to render 
them immune. On the other hand, if such compounds are normally present 
in inhibitory concentration during seedling stages, the inhibition is pos- 
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sibly nullified to a considerable extent by the conditions of the experiment. 
Under such conditions the pathogen is growing on a favorable medium, 
while the seedling exists in an unfavorable environment. The preparations 
examined showed little, if any, consistent evidence of toxicity of host 
toward pathogen. The hyphae, whether observed in or upon the roots, 


seemed normal. Experiments designed to permit inoculation of seedlings 


in soil or sand cultures will possibly determine whether or not the practical 
immunity of the older plants is possessed to any extent during early seed- 
ling stages. The only evidence on this point encountered in the present 
study is the comparatively great tolerance of the presence of the pathogen 
by the living host protoplasm, or perhaps the resistance of the latter to 
the action of fungous exudates. This bespeaks a tendency to a sort of 
passive resistance, rather than the ability to inhibit aggressively the 
entrance of the mycelium. 


SUMMARY 


Young seedlings of retama (Parkinsonia aculeata L.) and corn (Zea 
Mays L.) were grown under aseptic conditions in vitro and were inoculated 
with sclerotia from pure cultures of Phymatotrichum omnivorum. Although 
retama and corn are recorded as being immune from Phymatotrichum root 
rot at maturity under field conditions, they are readily infected in seedling 
stages in vitro. Histological examination of roots of both species in various 
stages of infection showed widespread degeneration of cell walls and proto- 
plasts in advance of actual penetration by hyphae. The disorganization 
and collapse of host cells in this manner proceeds from the epidermis 
inward, and results finally in the breakdown of the entire cortex. In 
advanced stages of infection the hyphal network is found in the central 
cylinder. 


Texas AGRICULTURAL ExPERIMENT STATION 


CoLueGce Stration, Texas 
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Occurrence of a Disease of Side-oats Grama ' 


R. L. Fowxier ann J. E. Weaver 


The beginning of a disease of Bouteloua curtipendula, first observed 
in 1937 but occurring in alarming proportions in 1939, is of much interest. 
The fact that this grass has increased greatly during the past six years, 
from a rank of seventh or eighth among dominants of true prairie to one 
of the two or three most important species, adds unusual economic interest. 
Moreover, side-oats grama not only has very wide distribution and is being 
grown abundantly in grass nurseries of the Soil Conservation Service but 
also it is one of the most drought-resistant among the best grasses for 
rejuvenating depleted pastures and reseeding abandoned lands. For these 
reasons, although the cause of the disease has not been determined, a rather 
complete account of its occurrence and increase seems warranted. 


DISTRIBUTION AND FORMER ABUNDANCE OF SIDE-OATS GRAMA 


Bouteloua curtipendula is very widely distributed in the United States 
and is much used for both hay and forage. It occurs more or less abun- 
dantly from Montana to Arizona and is of considerable importance 
throughout. It ranges eastward to the New England states and southeast- 
ward to South Carolina (Hitchcock 1935). 

From 1929 to 1933 an extensive survey was made of the percentage 
composition of the components of true prairie. This study included por- 
tions of six states in the Missouri River valley covering a total area of 
60,000 square miles (Weaver and Fitzpatrick 1932, 1934). The quadrat 
method was extensively employed. Among 180 meter quadrats in the 
little bluestem (Andropogon scoparius) type, side-oats grama occurred 
in 32 per cent and constituted but 0.6 per cent of the basal cover of vege- 
tation. It was found in only 7 per cent of the 155 quadrats examined in 
the big bluestem (4. furcatus) type and composed but 0.1 per cent of the 
cover. Twenty-five samplings in the much less abundant needle grass type 
(Stipa spartea) revealed an occurrence of 32 per cent but this species 
constituted only 0.9 per cent of the total vegetation. From these data and 
extensive observations in the true prairie over the five year period, it was 
concluded (1932): 

“Side-oats grama is scattered widely throughout the prairie in all 
types of situations, but rarely occurs in great abundance. The largest 
undisturbed area found that was controlled by this mid grass did not 
exceed a few square meters. It nearly always occurs as small, isolated, 
rather open tufts scattered among the other species. A 1 to 3 per cent 


mixture is common, even on uplands, and it may occur as abundantly as 
10 per cent locally. Its habit approaches that of an interstitial species, and 


+ Contribution no. 124 from the Department of Botany, University of Nebraska. 
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where there is disturbance, such as is caused by erosion on steep banks, etc., 
it frequently increases in abundance. Quadrats in old roads along ridges 
sometimes give an abundance ranging from 15 to 60 per cent. It with- 
stands grazing rather well and increases in territory under moderate 
pasturing. Although nearly always represented in any considerable area, 
its importance is not great.” 

When the ravages of the great drought became apparent in 1934, it 
was decided to select for further study a small group of the 135 prairies 
formerly examined in western Iowa, where deterioration from drought 
was small, through southeastern Nebraska to north central Kansas, where 
drought-damage was very great (Weaver and Albertson 1936). At nine 
of these stations in Nebraska and Kansas a series of more than 100 per- 
manent sample areas, mostly one square meter in size, was established. 
An exact record by means of stem counts has been made each year from 
1936 to 1939 inclusive (Cf. Robertson 1939). The occurrence of the dis- 
ease was first observed in these plots by Robertson in July, 1937, in a 
prairie about 3 miles south of Montrose, Kansas, where it has steadily 
increased. In the meantime it has been found at many other stations. 


INCREASE IN ABUNDANCE FOLLOWING DROUGHT 


Great destruction of native grasslands resulted from the most severe 
drought ever recorded in the prairies of Nebraska and Kansas, especially 
in 1934 and 1936. All the grasses suffered some loss but especially those 
with relatively short root systems (4 feet or less in length), notably 
Andropogon scoparius, Koeleria cristata, Stipa spartea, and the invading 
Poa pratensis. Losses varied greatly, but at many of the stations under 
observation they ranged from 30 to 80 per cent or more. Side-oats grama 
also lost heavily but in general withstood drought better than the blue- 
stems. Much soil was thus laid bare for invasion. Hordes of short-lived 
weeds and annual grasses predominated for a year or more, after which 


western wheat grass (Agropyron Smithii) increased at such a rate as lit- 


erally to take over, in many prairies, most of the land formerly occupied by 
more mesic grasses. 


The great outbreak and spread of wheat grass reached its peak in or 
before 1938. Since that time this species has still spread somewhat in 
places where its increase began later than in most prairies, but in nearly 
all it has waned markedly. This wave of wheat grass was followed closely 
in many prairies by a similar one of side-oats grama. This resulted from 
a reclaiming of much drought-denuded territory by side-oats, and by its 
migration into the wheat-grass area by a process of infiltration. Often it is 
the chief competitor of the wheat grass. The wide and rapid spread was 
largely a result of enormous crops of seedlings, which, once established, 
may develop bunches from 8 to 14 inches in diameter, but it was due partly 
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to propagation by abundant rhizomes from 2 to 4 inches in length. In some 
of the prairies this grass now ranks only second in importance to wheat 
grass; in several it is among the three most abundant grasses; and even 
where it is of least occurrence it has increased many fold. For example, it 
now constitutes 40 and 60 per cent, respectively, of the vegetation of the 
prairies at Carlton and Nelson, Nebraska. This increase under these 
unusual conditions of intermittent drought has been accompanied by the 
occurrence and alarming increase of a diseased condition. 


EFFECTS OF THE DISEASE AND ITS RATE OF INCREASE 

First noted in 1937, the diseased condition was also noticed near 
Nelson, Nebraska, the following year. During 1939, it was of wide occur- 
rence, being found not only at Valparaiso, Hebron, and Carlton in south- 


eastern Nebraska but also as far west as Holdrege and Edison. In Kansas 
it occurred at Belleville and as far southeast as Melvern, south of Topeka. 


The diseased plants occur in scattered patches, sometimes throughout the 
prairie, but are more prevalent in drier places. The size of the patches 


varies from a few square inches to one or more square rods, the destruc- 
tion wrought often including two-thirds of the plants and being so great 
that the larger affected areas are conspicuous at a distance of several rods. 

Symptoms of the disease, based on field observations, include the 
appearance in early spring of rosette-like clumps or portions of bunches 
which contain tillers in very large numbers, often 70 or more per square 
centimeter. The rosetted plants or portions of plants do not elongate 
normally; many are only an inch or two high, and the foliage seldom 
attains a height exceeding 3 or 4 inches. The stem bases develop a dis- 
tinctly reddish color. The leaves are dwarfed to only one-third or less their 
usual width. The general appearance reminds one strongly of mosaic 
(virus) disease of wheat (McKinney 1937). The leaves are yellowish- 
green in color and turn brown after death. The brown color is very dif- 
ferent from that of normal dead leaves, which bleach almost white. Flower- 
stalks, if any, show marked reduction in number, often to 20 per cent, and 
attain only about two-thirds the normal height (figures 1 and 2). Death 
and browning of small bunches or portions of larger ones may occur early 
in June, but later many more plants or other parts of the bunches become 
affected. In the Nelson prairie, which is composed of 60 per cent side-oats 
grama, approximately 30 per cent of the plants throughout the prairie 
were diseased (figure 3). 


IMPORTANCE OF THE GRASS IN RANGES AND IN SOIL CONSERVATION 


This is one of the largest species of grama grass. It is a mid grass 
of the bunch habit despite the presence of rhizomes, and reaches a height of 
from 1 to 4 feet. The plants produce much foliage, and because of their 
leafiness the species is prized both for forage and hay. Although it fur- 
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Fig. 1. Detail of a small portion of a widely affected area of pure side-oats grama 
at Nelson, Nebraska, on August 15, 1939. Note the abundant, narrow, dead leaves and 
the few remaining broad and erect live ones. There are no flower stalks. 


Fig. 2. Normal healthy plants of side-oats grama (ends) about 3 feet tall and two 
groups of diseased ones (center) with short, fine, dead leaves and few or no flower 
stalks. August 15, 1939. 
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Fig. 3. Rate of increase in number of normal stems of side-oats gratna_ (right 
hatch) and diseased stems (black) during 4 years. These data are from permanent 
meter quadrats which contained diseased plants during the period of observation. 
Percentage of diseased stems in 1939 was 2.9 at Belleville, 2.3 at Hebron, and 33.6 at 
Carleton. At Montrose, diseased stems were 1.4 per cent in 1937, 12.1 per cent in 1938, 
and 11.8 per cent in 1939. At Nelson 5.2 per cent were diseased in 1938 but 64.5 per cent 
in 1939. 


nishes forage both summer and winter, the dried grass is of rather low 
palatability compared with many other gramas. Nor does the good palata- 
bility of the green plants include the stems, which are rather inedible and 
often left standing after the foliage has been eaten. 

Its wide range of distribution shows its considerable adaptability. It 
grows well, and often in pure stands, on dry steep banks or in thin, rocky 
soil or as a component of luxuriant prairie on fertile loams. This wide 
adaptability to habitat, its large size, vigorous, rather early growth, 
drought resistance, and good seeding habits combine to make it a desirable 
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grass for domestication and use in grass mixtures in reseeding ranges 
and abandoned lands. It is known as a grass that will control erosion, the 


strongly branched, deep root system firmly anchoring the plants in the 


dense sod which develops under artificial seeding. It is recommended in a 
mixture with blue grama (Bouteloua gracilis) and buffalo grass (Buchloé 
dactyloides) for growth on drought-bared lands of the semiarid west 
(Cornelius 1939). . 

As pointed out by Cardon (1937), the extent to which disease may 
affect the carrying capacity and nutritive value of pasture grasses has not 
yet been determined on American ranges. When further studies are made it 
may be found that disease resistance will take on greater importance, with 
resistance to winter killing, to insect injury, and to drought. 

Whether this disease is caused by insect damage, fungi, bacteria, a 
virus, or is physiological in character is unknown.’ It seems reasonable 
that the extreme conditions of environment resulting from the years of 
drought may have been a contributing factor. The normal mulch of litter 
has often been replaced by bare soil (figure 1). The wide spacing of the 
plants permits full insolation to their base, and results in extremes of 
soil temperatures. The great quantities of dead underground materials 
from vegetation overcome by drought have temporarily modified organic 
content of soil, as is witnessed by a highly abnormal number of saprophytic 
fungi during wet weather. Other factors, notably extremes in water content 
of soil, have been equally pronounced. 

Tue University or NEBRASKA 

LincoLn, NEBRASKA 
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is being conducted by Dr. J. H. Jensen, University of Nebraska, College of Agriculture. 





Supplementary Notes on American Labiatae 


Cart Epuine 


The past year has witnessed unusual botanical exploration in tropical 
America and has resulted in the accumulation of a series of undescribed 
species of Labiatae, as well as a number of significant extensions of ranges. 
It is the purpose of the present paper to record these. 

Most of these records pertain to Salvia subgenus Calosphace and hence 
may be taken as supplementary to a recent paper by the author upon that 
subject (Rep. Spec. Nov. Beih. 110, 1939). For convenience, the number- 
ing of species and sections, as well as occasional page numbers which are 
cited, correspond to the numbering in the paper cited. 

The collections most referred to are those made by G. B. Hinton, 
L. Rowntree, C. W. Penland, C. H. Muller, C. L. Lundell, H. L. Gentry, 
E. Matuda, L. A. Kenoyer, F. Shreve, P. N. Standley, and R. E. Wood- 
son, Jr. 


Trichostema mexicanum Epling, sp. nov. Herba perennis parva alti- 
tudine 15-30 cm., caudice lignoso in basi ramoso caulibus numerosis erectis 
gracilibus utrimque glandulosis capitatis et sessilibus puberulis ut videtur 
viscidis; foliorum laminis ovalibus vel ellipticis magnam partem circiter 1 cm. 
longis subsessilibus, integris, utrimque sparse hirtellis et dense glandulosis; 
floribus in racemis gracilibus dispositis, pedicellis arcuatis 1.5—-3 em. longis 
internodia aequantibus vel superantibus elatis; calycibus florentibus 3.5 mm. 
longis, extus dense et minute glandulosis, laciniis tubum subaequantibus anguste 
ovatis acutis, in maturitate tubo paulo aucto; corollis cyaneis vix 5 mm. longis; 
staminibus circiter 8 mm. longis; nuculis glandulosis. 


mexico. Coahuila: Puerto de San Lazaro, Sierra de San Lozan, Mun. 
de Castafios, C. H. Muller 3055 (type, Univ. Calif., L. A.). In habit this 
species suggests a diminished form of 7’. arizonicum. It differs from that 
species particularly in pubescence, the smaller flowers and the simple 
racemes. 

CATOPHERIA CAPITATA Benth. GuATEMALA. Alta Verapaz: Forest above 
Rio Chiacte, 6800 ft., C. L. Wilson (Field Mus.). 

Hyptis opLoNGIFOLIA Benth. Widely spread from Sinaloa to Panama, 
this species appears to be fairly stable. It is frequently collected in Michoa- 
can and was recently gathered there near Coalcoman in the Sierra Naran- 
jillo by Hinton (No. 12661). This specimen is average, with leaves 5—6 
cm. long, borne on petioles about 1 cm. long. However, Hinton gathered 
another plant (No. 12702) at Puerto Zarzamora near Coalecoman which 
appears to be H. arborescens Epling, described from Mt. El Viejo, Nicara- 
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gua. The leaves are 13 em. long and correspondingly wide and are borne 
on petioles about 4 cm. long. The tomentum is much thinner. It would 
appear therefore either that H. arborescens has a remarkable distribution 
or, as seems more probable, is an extreme variant of H. oblongifolia. In any 
case the discontinuity in leaf habit is abrupt and marked. 

H. surritis Epling. (H. perpulchra Epl.) mexico. Michoacan: Coal- 
coman, Aquila, Hinton 12605. Comparison with the type of S. subtilis 
shows these species to be conspecific. 

H. 1opantua Epling. mexico. Colima: Paso del Rio, G. M. Emrick 
209. Michoacan: Maguila, G. M. Emrick 36. Apparently glabrate forms 
of this species. 


Hyptis intermedia Epling, sp. nov. (Cephalohyptis.) Herba suffruticosa 
dumetorum humidorum erecta altitudine ad 1 m. et ultra, caulibus obtuse quadra- 
tis utrimque pilis ascendentibus appresso-hirsutis; foliorum laminis 6-10 em. 
longis, 2-8 cm. rarius 4 cm. latis, ellipticis vel ovato-ellipticis, in apice acutius- 
culis in basi cuneatis vel acuminatis et in petiolos vix 1 cm. longos marginatos 
attenuatis etiam subsessilibus, utrimque hirsutis vel villosis, margine serrata; 
capitulis demum 10-12 mm. diametro compactis, in foliorum supremorum axillis 
pedunculis saepius 10-12 mm. longis rarius 5 mm. longis elatis, bracteis ovato- 
lanceolatis vel ovatis 3-4 mm. longis subtentis; calycum florentium 1.5—1.7 mm. 
longis, dentibus subaequantibus anguste deltoideis acutiusculis, in maturitate 
tubo vix 3 mm. longo, dentibus paulo auctis vix conniventibus; corollarum 


albidarum tubo vix 2.5 mm. longo; nuculis obovatis vix 1 mm. lengis. 


GUATEMALA, Alta Verapaz: Saquija, near Coban, 1200 m., Standley 
70177a, 70195 (type, Field Mus.) ; Chelac, near Carcha, 1500 m., Stand- 
ley 70393; Coban, Standley 71485; Pancajche, 360 m., Standley 70647. 

This species is seemingly intermediate with H. personata Epling and 
H. obtusiflora Presl, the former widespread in Colombia, the latter rang- 
ing from Colombia to Bolivia. All are similar in habit, aspect and pubes- 
cence. This species more nearly suggests the latter in that the calyx teeth 
are more blunt. The flowers and capitula of this species are larger, on 
longer pedicels and the calyx teeth are not connivent in fruit as in 8. obtusi- 
flora. It seems remarkable that, occurring as it does near Coban, it has 
not been previously collected. It might be confused with S. lanceolata, but 
the more conspicuous lanceolate bracts and larger flowers should readily 
distinguish that species. In Guatemala S. lanceolata is known only from 
Puerto Barrios (Standley 24759), perhaps as an introduced weed. 

H. onrvusirtora Pres]. cotompia. El Choco: Andagoya, 70-100 m., 
Killip 35070. 

H. sracwiata Brig. cotomspia. Los Llanos, Rio Casanare, 130 m., 
woods and sabana, Cuatrecasas 3806; Rio Meta, 140 m., sabana, Cuatre- 


casas 4387. 
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Eriore crassipes Benth. cotomBia. Boyaca: Los Llanos, Haught 
2655. 

CoLevs aTropurPuREUs Benth. cotompia. El Choco: Andagoya, 
Killip 35077. 

STACHYs LAMIOIDES Benth. ecuapor. Near Bolivar, Hacienda Talahua, 
2900 m., Penland & Summers 668. Canar: Tipococho, 3200 m., Penland & 
Summers 1019. 

S. Micueiana Briq. ecvapor. Tungurahua: Between Hacienda San 
Francisco and Rio Margarjitas, Penland and Summers 177. 

S. pusitia (Wedd.) Briq. ecuapvor. Bolivar: 3100 m., Hacienda Tala- 
hua, Penland & Summers 603. 

S. pestis Kunth. ecvapor. Pichincha: Uymubicho, 2800 m., Penland 
and Summers 947. Azuay: Banos near Cuenca, 2600 m., Penland and 
Summers 1059. 

S. ecurprica Kunth. ecvapor. Bolivar: Hacienda Talahua, 3100 m., 
Penland and Summers 679. 

Lepechinia caulescens (Ort.) Epling, comb. nov. Horminum caules- 
cens Ort., Hort. Matr. Dec. 63. 1797. Lepechinia spicata Willd., Hort. 
Berol. 1: 21. t. 21. 1806. Ulricia pyramidata Jacq. ex Steud. Nom. ed. 1, 
862. 1821. cuareMALA. Chimaltenango: Barranco de La Sierra, Standley 
61600; Finca La Alameda, Standley 59154. Quezaltenango: Cerro La 
Pedrera, Standley 65557. 

L. ScurepEana (Schlect.) Vatke, Verh. Bot. Ver. Brandenb. 17: 
Sitz.-ber. 36. 1875. Stachys Schiedeana Schlect. in Linnaea 7: 398. 1832. 
Sphacele procumbens Benth., Lab. Gen. et Sp. 415. 1834. Sphacele alpina 
Oerst. in Vidensk. Meddel. Kjoeb. 1853: 36. Lepechinia alpina Standley in 
Field Mus. Pub. Bot. 18: 1023. 1938. eguarema.a. Chimaltenango: Cerro 
de Tecpam, Standley 61016, 58799. Huehuetenango: Sierra de los Cuchu- 
manes, Standley 65611. 

L. Nelsonii (Fern.) Epling, comb. nov. Hyptis Nelsonii Fern. in Proc. 
Am. Acad. 35: 566. 1900. Sphacele pinetorum Standley in Field Mus. Pub. 
Bot. 4: 257-258. 1929. Recently collected in Jalisco, Guerrero and Mexico 
by Mexia and Hinton. 


L. mexicana (S. Schau.) Epling, comb. nov. Sphacele mexicana 


S. Schau. in Linnaea 20: 707. 1847. mexico. Oaxaca: Los Naranjos, 
Pur pus 3295 (distributed as Hyptis). 

L. hastata (Gray) Epling, comb. nov. Sphacele hastata Gray in Proc. 
Am. Acad. 5: 341. 1862. mexico. Baja California: La Laguna, Sierra 
Laguna, oak pine forest, 6000 ft., Gentry 4397, 43974. 

L. Urbani (Briq.) Epling, comb. nov. Sphacele Urbani Briq. in Bull. 
Herb. Boiss. 5: 1014. 1897. narrt. Massif de la Selle, Morne La Visite, 
Ekman 1442. 
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CHAUNOSTOMA MECISTANDRUM J. D. Smith. mexico. Chiapas: Mt. 
Ovando, Matuda 2649, 3915. The corolla is white, the calyces blue. Known 
previously only from the type locality in Guatemala, Santa Rosa, near 
Buena Vista. The nutlets, the nature and development of the calyx, the 
branched pubescence and habit of the foliage, all relate this remarkable 
plant to Lepechinia. The nutlets are unlike any other American genus 
save that. The cauline inflorescence is unique. 


Hesperozygis bella Epling, sp. nov. (Muellerostachys.) Herba perennis 
suffruticosa caespitosa laxa caulibus procumbentibus pluribus e caudice lignoso 
15-30 cm. longis plerumque simplicibus plus minusve pilis ascendentibus crispis 
hirtellis; foliorum laminis coriaceis ellipticis interdum oblanceolatis, 1-2 cm. 
longis, integerrimis glaberrimis, saepe purpureis et subtus pallidioribus, petiolis 
1-2 mm. longis elatis; cymulis 1—6-floribus in foliorum superiorum dispositis 
interdum subspicatis; calycum purpureorum tubo 5—6.5 mm. longo solum ad 
venas sparse hirtello, sub annulo constricto, labia superiore circiter 2 mm. 
longa, dentibus deltoideis circiter 1 mm. longis recurvis; inferioris dentibus 
pungentibus 4 mm. longis, ciliolatis, annulo denso in tubo incluso; corollarum 


pallide rosearum maculatarum tubo 8-10 mm. longo intus hirtello. 


MEXICO. Jalisco: San Sebastian, 1500 m., Mexia 1514 (type, Univ. 
Calif., Berk.). It should be noted that unlike those of the other species, the 
upper teeth of this are joined to the middle. In stamens it is similar to the 
other species but unlike H. ciliolata in which they are exserted beyond 
the upper lip. 

SATUREJA MUTABILIS Epling. Ecuapor. Azuay: near Cuenca, 2600 m., 
Penland and Summers 1049. Either this species exists in two well-defined 
forms or else two similar species are represented, one with elliptical leaves 
acute at the apex and narrowed at the base, 1—2 cm. long, and one in which 
the leaves are broadly ovate or deltoid-ovate and truncate at the base. 
There are no perceptible differences in pubescence nor in habit of the 
flowers, save that the calyces of the elliptical form appear to be thinner 
with sharper teeth. From the material available it is difficult to reach a 
conclusion. Both types appear on the Jameson sheets, collected presumably 
near Quito. A specimen collected by Heilborn (No. 520) on Rio Machaugua 
near Quito, is the elliptical form. The present specimen is the truncate 
form. What is seemingly this species, the form with elliptical leaves, has 
only now come to hand from cotomsta. Boyaca: Valle de Cocuy, Cuatre- 
casas 1276. 

S. nupicena (Kunth) Briq. ecvavor. Tungurahua: Paramo de Minza 
Chica, 3800 m., Penland & Summers 334. Carchi: Nudo de Boliche Vola- 
dero, 3900 m., Penland & Summers 918. 

S. Browne! (Sw.) Brig. covomsia. Tolima: Quindio Highway, Killip 
& Varela 34528. 
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HepEOMA PATRINUM Stewart. mexico. Coahuila: Sierra Mojada, 
Cafion de San Salvador, Mun. de Sierra Mojada, C. H. Muller 3302. 


SALVIA SECT. AUBIBERTIA 

S. PACHYPHYLLA Epling. arizona. Polacca-Winslow Road, A. F. Whit- 
ing. 25 miles north of Winslow, valley of Little San Francisco River, 5600 
feet, Peebles 14406. 

S. MOHAVENSIs Greene. NevADA. Clark County: Boulder Dam, J. P. 
Hester. axizoxna. Mohave County: Jack Pot Spring, Needles Mts., 
F. Shreve. 

S. runereEA M. E. Jones. catirornia. Echo Canyon, Funeral Range, 
Death Valley, P. Train. 

SALVIA SECT. CALOSPHACE 

9. S. pincurroLtia W. &S. arizona. Maricopa County: Sierra Estrella, 
E. G. Smith 12947; Fish Creek Canyon, Epling and Pratt. 

20. S. Go_tpmanu Fern. It should be observed that the mature calyx 
pictured in Pl. 2, fig. 3, is the calyx of S. ballotaeflora and not that of 
S. Goldmanii. 

27. S. cirxopopioiwes Kunth. mexico. Michoacan: between Toluca 
and Zitacuaro, 8000 ft., Rowntree 175. 

28. S. aLnocaErvuLEA Lind. mexico. Michoacan: Zitacuaro-Aputzio. 


2350 m., Hinton 13448. 


29a. Salvia pseudoincisa Epling, sp. nov. (Caducae.) Herba annua 
pusilla ramosa altitudine 30 cm. caulibus utrimque pilis minutis appressis 
hirtellis nullomodo glandulosis; foliorum laminis oblongo-ellipticis circiter 
3 cm. longis circiter 1 cm. latis ut videtur obtusis et subintegris in basi ad 
petiolos graciles 1-15 cm. longos angustatis, utrimque sparse hirtellis; floribus 
saepius solitariis et oppositis bracteis lanceolatis 2-3 mm. longis glabris sub- 
perstatis subtentis, glomerulis inter se 1-3 cm. distantibus; calycibus floren- 
tibus 5-6 mm. longis, extus ad venas appresso-hirtellis, nullomodo glandulosis, 
in maturitate 8 mm. longis, labiis hiantibus, superiore 5-venis; corollarum 
(?) albarum tubo 4.5 mm. longo, labia superiore 2 mm. alta, inferiore circiter 
4 mm. longa; stylo hirtello. 

MEXICO. Tamaulipas: Jaumave, 620 m., Viereck 859 (type, U. S. Natl. 
Herb.). Apparently allied to Salvia subincisa from which it may be distin- 
guished as follows (p. 33): 

Caules superne et calyces glandulosi; styli glabri; 

bractea caduca glandulosa. .............2.e0eeee0. 29. S. subincisa 

Caules superne et calyces appresso-hirtelli, nullomodo 

glandulosi; styli hirtelli; bractea subperstata glabra.. 29a. 8. pseudoincisa 
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Because of the persistent or subpersistent bracts this species will not 
be found in the sectional key under Caducae, but would be looked for some- 
where near Microsphace, Cucullatae, or Uliginosae (p. 9). 


32a. Salvia exilis Epling, sp. nov. (Lavanduloideae.) Herba glabra peren- 
nis exilis altitudine ad 1.25 m. caulibus gracillimis e caudice lignoso superne 
ramosis internodiis elongatis 5-15 em. longis; foliorum laminis oblongo-ellipticis 
2.5—5 cm. longis, 6-8 mm. latis, in apice obtusis in basi ad petiolos 5-10 mm. 
longos extenuatis, paginis ambabus glabris inferiore pallidiore venulosa mar- 
ginibus integris; floribus 3—6 in verticillastris approximatis inter se 3-10 mm. 
distantibus in spicis laxis 3—6 cm. longis longe pedunculatis dispositis ; calycibus 
florentibus 3 mm. longis extus ad venas sparse appresso-hirtellis, in maturitate 
paulo auctis ut videtur magnam partem deflexis; corollarum tubo 4 mm. longo, 


labia superiore 2.5 mm. alta. 


mexico. Guerrero: Reyes, Sierra Madre del Sur, Petlacala, on pine 
forested slope, 1800-1950 m., Mexia 9097 (type, Univ. Calif., L. A.). 
Mina, Toro Muerto, in pine forest, 2480 m., Hinton 11093. 


32b. Salvia subobscura Epling, sp. nov. (Lavanduloideae.) Herba peren- 
nis ut videtur diffusa altitudine ad 1 m. caulibus gracilibus laxe ramosis 
utrimque pilis decurvis sparse pubescentibus internodiis plerumque 5-8 cm. 
longis; foliorum laminis ovalibus magnam partem 1.5—2.5 cm. longis 8-12 mm. 
latis, in apice acutis in basi rotundato-angustatis petiolis 2-3 mm. longis elatis 
pagina superiore sparse hirtella, inferiore pilis eis ramorum similibus pubes- 
centibus, marginibus supra medium crenato-serratis; floribus 3—6 in verticil- 
lastris approximatis inter se 3-6 mm. distantibus in spicis laxis 6—7 cm. longis 
subpedunculatis dispositis; calycibus florentibus 4 mm. longis extus utrimque 
pilis appressis hirtellis, in maturitate vix auctis ut videtur magnam partem 
deflexis ; corollarum tubo 4 mm. longo, labia superiore 2 mm. alta. 

mExIcO. Michoacan: Coalcoman, Villa Victoria, 1340 m. in pine forest, 
Hinton 12570 (type, Univ. Calif., L. A.). 

The section Lavanduloideae is one of the most clearly marked of any of 
the sections of Salvia both in habit and floral structure. Within the section, 
however, specific lines are difficult to ascertain, particularly with the 
dearth of available material. It is therefore not without misgivings that I 
have described these species as such. In the key to the section, 8. subobscura 
would be sought either near S. guadalajarensis which it most resembles, or 
near S. lavanduloides. From either of these it may be distinguished by the 
small flowers. S. exilis would probably be sought near S. guadalajarensis. 
In habit it strongly suggests S. Teresae or S. scaposa, save that the leaves 
are evenly distributed along the stem. From all of these it may be distin- 
guished by the small flowers. 
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39. S. tonerroiia Willd. What seems to be this species has been col- 
lected by Rowntree (11. XI. 1938) 30 mi. east of Morelia, Michoacan, 
7500 ft. 

41. S. LavanpuLomwes Kunth. cuaTreMALa. Quezaltenango: Olinte- 
peque, 2550-2850 m., Standley 65970. Huehuetenango: Rio Pucal, 1775 
m., Standley 65841. Solola: Los Encuentros, 2400-2850 m., Standley 
62346. Totonicapan: Cumbre del Aire, 3000-3450 m., Standley 65885. 

Salvia fratrum Standley, described from San José, Costa Rica, appears 
to be a depauperate specimen of this species. The type is hardly adequate 
for a conclusion. 

What is apparently a form of this species with the pubescence of the 
lower leaf surface finer, more dense, and white has been collected by Hinton 
(11953, 13474, 13557) in Michoacan, district of Zitacuaro; one is an 
albino. 

53. S. pasycatyx Fern. Known previously from an inadequate speci- 
men thought to have been collected in Guerrero. Collected now by Hinton 
in Guerrero, distr. Montes de Oca, near San Antonio (14016), distr. 
Mina, near Aguazarca Filo (11321) and Toro Muerto, Camp Morado 
(11236), and in Michoacan, distr. Coaleoman, in Sierra Torricillas 
(12769, 12411) and at Coaleoman (13610, 12930). The flowers are 
actually smaller than those of S. thyrsiflora, as previously described, and 
the calyces are clothed with coarser hair which is largely eglandular and 
tends to curl upward. The calyx limb is shorter than that of S. thyrsiflora 
and the hairs on the lower surface of the leaves coarser and less dense. 

57. S. corrueata Vahl. ecvapor. Bolivia: Hacienda Talahua, 2000 
m., Penland and Summers 539. 

lla. sECT. LANATAE 

Herbae perennes caulibus ut videtur e caudice lignoso ascendentibus utrim- 
que albo-lanatae; foliorum laminis late ovatis crassiusculis corrugatis breviter 
petiolatis; floribus oppositis in racemis terminalibus brevibus dispositis bracteis 
caducis subtentis ; calycum labia superiore 5-venis quam inferior paulo longiore ; 
corollarum rosearum tubo ad basim invaginato et papillis parvis inconspicuis 
quatuor intus ornato, labia inferiore quam galea duplo longiore; staminibus 
ad fauces positis, gubernaculo in dentem obscurum assurgenti-dilato; styli 
utrimque pilosi ramo postico quam anticus duplo longiore; gynobasis cornu 
ovula paulo superante. 


59a. Salvia leucochlamys Epling, sp. nov. (Lanatae.) Herba perennis 


altitudine circiter 30 cm., caulibus utrimque incano-hirsutis nullomodo glandu- 


losis, internodiis quam folia saepius brevioribus; foliorum laminis late ovatis 
1.5-2 em. longis, in apice obtusis vel breviter acutiusculis, in basi truncato- 
subcordatis, pagina superiore cinerea molliter hirsuta corrugata, inferiore den- 
sissime albotomentella cretata, marginibus crenulatis, petiolis 3-5 mm. longis; 
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calycibus florentibus incano-hirsutis nullomodo glandulosis 10 mm. longis ; corol- 
larum roseo-purpurearum tubo 12 mm. longo supra basim 4 mm. leniter invagi- 
nato et papillato, labia superiore 6—7 mm. alta, inferiore 13 mm. longa, lacinia 
media pro rata grandiore 8 mm. lata; staminum connectivo 10 mm. longo ad 


medium connexo, gubernaculo 3.5 mm. longo. 


GUATEMALA. Huehuetenango: Above Chiantla in Sierra de los Cuchu- 
matanes, Standley 65650 (type, Field Mus.). 


This species clearly belongs to that part of the genus which has the 


lower portion of the connective developed into an assurgent tooth, weakly 


so in this species but still clear. However, it is unique in the sense that the 
flower color is purple rather than blue and, with the exception of Cor- 
rugatae, has an invaginate corolla tube. In habit it is not unlike that sec- 
tion, but the upper lip of the calyx is 5-veined rather than seven, the style 
is hirsute on both margins and the flowers, rather than being in dense 
globerules, are opposite. The sessile glands on calyx and corolla which 
occur in most of the sections which are characterized by this type of stamen, 
are wanting. It apparently occurs with 8S. Urica. 

In the sectional key it may be distinguished as follows (p. 10): 

G. Plantae andinae foliis corrugatis 11. Corrugatae GG. Plantae mexicanae 

H. Folia ad 2 em. longa plus minusve corrugata superne cinereo-hirsuta, 

subtus densissime albotomentella lla. Lanatae HH. Folia glabra elliptica 

10-20 em. longa 6. Fernaldia. 


62. S. arizonica Gray. arizona. Turkey Flat, Pinaleno Mts., Kearney 
and Peebles 14115. 

63. S. Forrert Greene. mexico. Chihuahua: Salto de Babicora, 
Le Sueur 1383. 


64a. Salvia cyanicephala Epling, sp. nov. (Uliginosae.) Suffrutex alti- 
tudine ad 1 m. caulibus gracilibus superne pilis decurvis sparse villosis et 
longioribus extensis gracilibus nullomodo glandulosis ornatis; foliorum laminis 
deltoideo-oblongis magnam partem 4—5 cm. longis, circiter 1.5 cm. latis, in apice 
obtusis, in basi subtruncatis vel late cuneatis, marginibus crenulatis, pagina 
superiore viride hirtella, inferiore albo-tomentosa, petiolis ad 1 cm. longis elatis; 
floribus circiter tribus in verticillastris bracteis cyaneis acuminatis deciduis 
molliter et sparse hirsutis subtentis, glomerulis inter se .5—-2 cm. distantibus 
in spicis interruptis 10-15 longis approximatis; calycibus florentibus 7 mm. 
longis, labiis tubum aequantibus, extus pilis gracilibus molliter hirsutis, in 


maturitate paulo auctis ; corollarum tubo 8 mm. longo, labia superiore 5 mm. alta. 
mexico. Michoacan: Coalcoman, Sierra Torricillas in quercetis, 2400 
m., Hinton 12792 (type, Univ. Calif., L. A.). Very similar to S. setulosa 


with which it may prove to be conspecific. It may be distinguished from 
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S. setulosa by the dense tomentum on the lower leaf surface, the hirsute 
bracts and narrow leaves. 

68. S. GLECHOMAEFOLIA Kunth. mexico. Hidalgo: Jacala, Kenoyer 
868; O. E. White 34. 

69. S. pRUNELLOIDEs Kunth. mexico. Morelos: Cuernavaca, Kenoyer 


A211. 

75a. Salvia tricuspis Epling, sp. nov. (Uliginosae.) Suffrutex altitudine 
ad 1 m. caulibus gracilibus superne pilis brevibus decurvis pubescentibus et 
praesertim inter flores extensis longioribus glandulosis plus minusve viscidis ; 
foliorum laminis oblongo-ellipticis magnam partem 6-8 cm. longis, 2—3 cm. 
latis sat tenuibus utrimque acuminatis subsessilibus serrulatis, pagina superiore 
hirtella, inferiore venulosa ad venas villosula; floribus circiter tribus in verti- 
cillastris bracteis caducissimis subtentis glomerulis inter se 1-3 cm. distantibus 
in spicis interruptis 10-15 cm. longis dispositis; calycibus florentibus 5-6 mm. 
longis, extus pilis brevibus et longioribus glandulosis viscidis, labiis hiantibus 
cuspidibus 1—1.5 mm. longis ornatis; corollarum tubo 4 mm. longo intus rugis 


binis ornato, labia superiore 3.5 mm. alta; stylo postice pilis fuscis villoso. 


mexico. Guerrero: Mina, Aguazarco Filo, Hinton 11260 (type, Univ. 
Calif., L. A.). May be distinguished from S. rostellata by the glandular 
inflorescence. 

79. S. assurGENs Kunth. mexico. Michoacan: Zitacuaro-Zirahuato, 
1920 m. Hinton 11960, 11858. ? Michoacan: between Carapa and Zamora, 
5000 ft., Rowntree 222. 

103. S. picHincHeENsts Benth. ecvapor. Bolivar: Hacienda Talahua, 
3000 m., Penland and Summers 550. 

105. S. macrostacuya Kunth. ecvapor. Chimborazo: Calere, beyond 
San Juan toward Tilelac, 3300 m., Penland and Summers 507. 

113. S. scvreLvaAriomes Kunth. ecvapor. Imbabura: Lake Cui- 
cocha, 3000 m., Penland and Summers 777. 

119. S. parens Cav. costa rica. Zarcero, Austin Smith (? natu- 
ralized ). 


119b. Salvia viscidifolia Epling, sp. nov. (Blakea.) Herba perennis radi- 


cibus fusiformibus caulibus paucis erectis altitudine ad 60 cm. utrimque pilis 
extensis longioribus mollibus viscidis villosis; foliorum laminis sat tenuibus 
sessilibus infimis deltoideo-ovatis (vel ? ovatis) 3—5 cm. longis, mediis 5—8 cm. 
longis anguste ovatis acutis in basi rotundatis supremis similibus minoribus 
omnium marginibus irregulariter duplicato-dentatis paginis ambabus viscido- 
pilosis, inferiore pallidiore; floribus oppositis, bracteis lanceolatis 5—6 mm. 
longis subtentis, glomerulis inter se 1—2 cm. distantibus in racemis laxis viscidis 
dispositis; calycibus florentibus 7.5 mm. longis, extus viscido-pilosis, labia 


superiore sub-5-venis, trimucronata, in maturitate 10 mm. longis; corollarum 
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tubo 10-11 mm. longo, ad basim invaginato, labia superiore subaequilonga, infe- 
riore duplo longiore patente; staminibus e labia 10 mm. exsertis. 

mexico. Guerrero: Mina, Rio Frio Diamantes, 2100 «a., wet ground in 
pine forest, Hinton 10725 (type, Univ. Calif., L. A.). Michoacan: Coal- 
coman, Sierra Torricillas in llano, 2200 m., Hinton 12369; 2150. Barro- 
loso, in pinetis, Hinton 15091. Because of the exserted stamens this species 
would be sought in the Key to Sections either under Standleyana or Hasta- 


tae. However, the conformation of the corolla and stamens is that of 


Blakea. The habit is remarkably like that of S. subpatens from which this 


species may be distinguished by the smaller flowers and viscid pubescence, 
as well as the exserted stamens. 

131. S. mispanica L. ecvavor. Tungurahua: Banos, 1750 m., Penland 
and Summers 69. (Introduced. ) 

134. S. nierevxa Vahl. ecvapor. Canar: Ingapirea ruins, 3000 m., 
Penland and Summers 1037. 

139. S. orrHostacuys Epl. cotomsta. Boyaca: Valle de la Uvita, 
Cuatrecasas 1145. 

144. S. qurrensis Benth. ecvapor. Azuay: Sayausi to Cajas, 3000 m., 
Penland and Summers 1072. 

173. S. crnnaparina M. & G. mexico. Chiapas: Mt. Tacana, Matuda 
2306. GUATEMALA. Totonicapan: Cumbre del Aire, 3000-3450 m., Stand- 
ley 65849. San Marcos: Chamac, 2250 m., Standley 66186. San Antonio, 
2700 m., Standley 66094. Guatemala: San Juan Sacatepequez, 1800 m., 
Standley 59242. 

174. S. evecans Vahl var. sonorensis Fern. mexico. Chihuahua: Rio 
Aros, H. Le Sueur. 

175a. Satvia Lunpevuu Epling (? Jodophyllae.) srirish HONDURAS. 
El Cayo: Arenal, in clearing on bank of Mopan R., Lundell 6165 (type, 
Univ. Mich.) ; Cohune Ridge, Chalillo Crossing trail, in high forest, Lun- 
dell 6527; Camp 32, B. H., Guatemala Survey, 2700 ft., Schiff s-632. 
In habit this species is very like Salvia bella of Costa Rica, which I have 
referred to section Flexruosae. However, its flower structure, save for the 
fact that the tube is epapillate, suggests more strongly the section Jodo- 
phyllae. Definite assignment cannot be made until more adequate collec- 
tions are made of the flowers. 

38a. SECT. PEDICELLATA 

Herbae perennes foliis amplis; floribus 6 in verticillastris, bracteis caducis 
subtentis, glomerulis in spicis interruptis dispositis; calycibus ample pedicel- 
latis in maturitate marcidis palealibus labiis acuminatis, labia superiore 5-venis; 
corollarum ut videtur vinacearum tubo cylindrato, ad basim intus papillis binis 
ornato, labia inferiore superiorem subaequante; staminibus e labia 3-4 mm. 


exsertis; styli glabri ramo postico longiore. Species typica est S. palealis. 
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This section would be sought in the key to the Sections near 38. Iodo- 
phyllae. However the key (p. 6) should be amended to read as follows: 


F. Bracteae perstatae; calyces extus pilis longioribus extensis glandulosis 
viscidi 27. Phoeniceac. FF. Bracteae deciduae. G. Stamina ad tubi medium 
et infra posita 36. Fleruosae. GG. Stamina ad fauces posita. H. Styli glabri; 
corollarum labia inferior superiorem subaequans vel brevior I Flores oppo- 
siti in racemis dispositi; plantae glabrae orizabenses 38. Iodophyllae. II 
Flores 6 in verticillastris in spicis interruptis dispositi; plantae sparse 
villosae guerrerenses 38a Pedicellata. HH. Styli pilosi; corollarum labia 
inferior quam superior fere duplo longior 63b. Hintoniana, 


The habit of the plant is more suggestive of sect. Carneae, the shape 
of the corolla not unlike that of sect. Sulcatae. However, the fourth and 


fifth veins in the upper lip are fairly developed and the style is glabrous. 


The corolla is more slender than and of a different conformation from that 
of lodophyllae and the flowers are distinctly verticillate. 


175b. Salvia palealis Epling, sp. nov. (Pedicellata.) Herba perennis allti- 
tudine 1 m. caulibus superne pilis longioribus crassioribus sparse villosis et 
inter flores brevibus extensis glandulosis obsitis ; foliorum laminis ovato-cordatis 
11-13 cm. longis 6—9 cm. latis, in apice breviter acuminatis in basi cordatis 
petiolis villosis 6-7 cm. longis elatis, marginibus crenato-serratis, paginis amba- 
bus sparse villosis; floribus 6 in verticillastris bracteis caducis subtentis in 
spicis interruptis 20-30 cm. longis dispositis glomerulis inter se 2—3 cm. dis- 
tantibus; calycibus florentibus 11 mm. longis extus pilis brevibus capitato- 
glandulosis et crassioribus conspersis, labiis 4 mm. longis in maturitate caly- 
cibus mox palealibus et corollis marcidis adhaerentibus; corollarum tubo 19 mm. 
longo, labia superiore 5.5 mm, alta, inferiore subaequilonga; staminibus e labia 


3-4 mm. exserta. 


mexico. Guerrero: Montes de Oca, San Antonio, on rock in arroyo, 
Hinton 14040 (type, Univ. Calif., L. A.). 

179. S. LasiocepHaLa H. & A. mexico. Michoacan: Coalcoman, 
Puerto Zarzamora, 1800 m., Hinton 12715; Huizontla, 440 m., Hinton 
12648; Coalcoman, 1100 m., Hinton 12330; Apatzingan, Aguililla, 900 m., 
Hinton 15296. 

180. S. GaurnsociroLtia Fern. mexico. Michoacan: Zitacuaro-Tu- 
zantla, 800 m., Hinton 13292 (if not this, then a glabrate form of the 
preceding). 

182a. Salvia compsostachys Epling, sp. nov. (Membranaceae.) Herba 
perennis altitudine 30-50 cm., caulibus magnam partem simplicibus utrimque 
pilis subappressis molliter hirtellis internodiis quam folia brevioribus ; foliorum 
laminis ovatis 5-8 cm. longis, 3—7 cm. latis, in apice acuminatis, in basi rotun- 


datis, marginibus crenato-serratis, pagina superiore sparse hirtella, inferiore 
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praesertim ad venas sparse hirtella; petiolis 3-6 cm. longis; floribus plerumque 
6 in verticillastris bracteis cyaneis reniformibus glabris 7-9 mm. longis in apice 
abrupte deltoideo-acuminatis subtentis, glomerulis inter se 1-2 cm. distantibus 
in spicas graciles corollis exclusis circiter 1.5 cm. latis 5-10 cm. longis dis- 
positis; calycibus florentibus 5—6 mm. longis, extus pilis tenuibus extensis ut 
videtur subglandulosis sparse conspersis, in maturitate cyaneis vix longioribus 
tamen latioribus companulatis dentibus late deltoideis obtusis 2—2.5 mm. longis ; 


corollarum tubo 4 mm. longo, labia superiore 2.5 mm. alta. 


mexico. Nuevo Leon: Trail between Potrero Redondo and Las Ajuntas, 
Mun. de Villa Santiago, C. H. Muller 2982 (type, Univ. Calif., L. A.). 
Horsetail Falls near Santa Catalina, L. A. Kenoyer 342. Very similar in 
aspect to S. glabra M. & G. which is known from Oaxaca from a single 
inadequate collection. It may be distinguished from that species by the 
smaller flowers and obtuse calyx teeth, as well as the pubescence. A pretty 
plant which might well repay cultivation. 

189. S. Mocrnor Benth. Mexico. Michoacan: Zitacuaro-La Campana, 
2100 m., Hinton 13520. Abundantly collected in Guatemala by Standley. 

190. S. ruspicinosa Benth. GuareMaLa. Quiche: Nebaj, 6000 ft., 
Skutch 1728. Apparently this, the bracts rather small and the leaves 
nearly sessile but attenuate at the base. 


200a. Salvia curticalyx E.pling, sp. nov. (Flocculosae.) Herba perennis 
suffruticosa altitudine .5 m. frequenter tamen procumbens ramulis superne pilis 
ramosis sparse floccosis, infime fere glabris vel ut videtur pilis simplicibus 
sparse conspersis, internodiis sat elongatis; foliorum laminis late ovatis mediis 
2.5-4.5 em. longis, 1.5—4 cm. latis, in apice breviter acuminatis, in basi modo 
rotundatis modo truncatis, marginibus serratis sat convexis, paginis superioribus 
fere glabris et pilis subsimplicibus conspersis, inferioribus pilis ramosis sparse 
floccosis interdum fere glabris pallidioribus, petiolis mediis ad 2 cm. longis 
elatis; floribus 3 in verticillastris in spicas modo compactas, modo interruptas 
dispositis, bracteis caducis subtentis; calycibus florentibus 5 mm. longis, in 
maturitate paulo auctis extus densissime floccoso-lanatis, ore truncato, labiis 
vix 1 mm. longis superiore 7-venis; corollarum tubo 6 mm. longo, galea 5 mm. 
alta, labia inferiore 6 mm. longa; staminum connectivo 5.5 mm. longo; stylo 


utrimque piloso. 

ecuApDOR. Loja: Chinche, between San Pedro and Zaruma, Penland and 
Summers 1191 (type, Univ. Calif., L. A.). 

It is remarkable that this species has not heretofore been collected, 
for the region in which it grows is one of the best known in Ecuador, but 


like so many species of Salvia it may very well be a highly localized form. 


It is closely similar both to Salvia cedrosensis, endemic to Cedros Island 
and to §. Cruikshanksii which is evidently restricted to the province of 
Lima, Peru. It is distinguishable from both in the truncate nature of the 
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calyx as well as the dense floccose pubescence of that organ. In leaf habit, 
it is very similar to the latter, having mostly ovate leaves rounded at the 
base, soon glabrate, and borne on petioles 3—4 mm. long. A single detached 
branch, however, has larger broadly ovate leaves, truncate at the base, of 
different aspect and with petioles as long as 2 cm., in which respect it more 
nearly resembles S. cedrosensis. It seems improbable, however, that two 
distinct forms are represented ; it is more likely that this branch is a more 
vigorous shoot. §. loxensis, known only from a collection made by Hartweg 
near Loja, is similar in many ways. Indeed, the section Malacophyllae is 
distinguishable from the section Flocculosae chiefly in habit and the simple 
pubescence. One is led to wonder whether S. loxensis is a glabrate form of 


the species now proposed. The calyces of the former are not so markedly 


truncate, nor is there any evidence of branching hairs, and in comparing 
Hartweg’s plant it seems probably distinct. 

204. S. tycioies Gray. mexico. Coahuila: Sierra de la Madera, 
Cafion de Agua, Mun. de Cuatro Cienegas, C. H. Muller 3219. 


2i4a. S. capillosa Epling, sp. nov. (Scorodonia.) Suffrutex altitudine ad 
1.5 m. ramis superne et inter flores pilis decurvis et setis ad 3 mm. longis 
subglandulosis valde setosis ; foliorum laminis cordatis, 6-8 cm. longis, 3.5—4 cm. 
latis, in apice acutis, petiolis 1.5—2.5 cm. longis elatis, marginibus crenato- 
serratis, paginis ambabus molliter pubescentibus superiore viride inferiore 
cinerea; floribus 3—6 in verticillastris bracteis deciduis subtentis, glomerulis 
inter se 1-2 em. distantibus in spicis interruptis dispositis; calycibus florentibus 
7 mm. longis extus pilis eis ramulorum similibus setosis; corollarum pallide 


caerulearum tubo 7 mm. longo, intus nudo, labia superiore, 4.5 mm. alta 


MExICO. Michoacan: Zitacuaro-Loma Larga, Hinton 13020. (Type, 
Univ. Calif., L. A.). In following the key to the section Scorodonia 
(p. 167) this species would probably be sought near 8S. pannosa or S. Keer- 
li. However, the key is based upon the alternative either of decurved 
eglandular hairs on the stem or of spreading glandular ones. In S. capillosa 
both types are present and while the longer ones may be eglandular they 
are more commonly glandular. However, the species is well marked by the 
unusually long spreading hairs and suggests 8S. Urica in habit. 

225. S. Urica Epling. cuarema.a. Quiche: Chichicastenango, 1850 
2100 m., Standley 62366. 

239. S. amissa Epling. Fish Creek Canyon, Maricopa Co., Kearney 
and Peebles 14480; Epling and Pratt. Previously known only from the 
type, collected in 1881 by Pringle in the Santa Catalina Mts. So similar to 
S. pallida of Argentina is this species, that, if found amongst a collection 
of Argentina plants it might readily be mistaken for that. At the same 
time, it is like S. similis of Baja California. It differs from the former 
particularly in the ample paniculate inflorescence, the somewhat smaller 
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flowers and the proportionately and actually longer leaves with smaller 
indentations. In pubescence it is about the same. From S. similis it differs 


chiefly in the larger and proportionately narrower leaves and especially in 


the conformation of the calyx and the nature of the pubescence. The calyx 
lobes of S. similis are notably shorter and the pubescence is much finer 
and denser. In Fish Creek Canyon it is abundant in the sandy bottom 
amongst boulders, growing in the shade of Platanus, Juglans, Fraxinus and 
Populus. The associated shrubs are chiefly those of the Larrea formation. 


239a. S. pseudopallida Epling, sp. nov. (Farinaceae.) Herba perennis 
altitudine ad 60 cm. caulibus utrimque pilis crispis sparse pubescentibus ; folio- 
rum laminis ovatis 6-7 mm. longis, 3-4 mm. latis supra medium acuminatis, 
in basi rotundatis, margine serrata, pagina superiore sparse hirtella, viride, 
inferiore pallidiore molliter pubescente ; petiolis gracilibus 3—4 cm. longis; flori- 
bus 3—6 in verticillastris bracteis caducis subtentis, glomerulis inter se 1—2.5 cm. 
distantibus, in spicas nullomodo paniculatas sat confertas approximatis; caly- 
cibus florentibus 7—8 mm. longis, extus molliter hirtellis, labia superiore 5-venis ; 


corollarum caerulearum tubo circiter 10 mm. longo, labia superiore 6 mm. alta. 


mexico. Coahuila: Sierra de la Madera, Cafion del Agua, Mun. de 
Cuatro Cienegas, C. H. Muller 3226 (type, Univ. Calif., L. A.). Similar 
in some respects to S. amissa, in other respects to S. pallida, but with 
broader leaves than either. In the general key it might be sought under 
,1. Flocculosae (p. 13) rather than 46. Farinaceae. 

240. S. simitis Bdge. mexico. Baja California: Los Angeles, White- 
head 671. 41 mi. S. of Pozo Aleman, Shreve 7020. 18 mi. north of San 
Ignacio, Wiggins 7892. 36 mi. S. of Pozo Aleman, Wiggins 7882. Puris- 
sima, Gentry 4222. 

242. S. rarinacea Benth. mexico. Coahuila: Sierra de la Madera, 
Cafion del Pajarito, Mun. de Cuatro Cienegas, C. H. Muller 3167. 


243a. S. Jacobi Epling, sp. nov. (Farinaceae.) Herba perennis bella alti- 
tudine 1.5 m., caulibus utrimque pilis minutis appressis cinereis internodiis sat 
elongatis; foliorum laminis lanceolatis 4-5 cm. longis, acuminatis, in basi 
rotundato-angustatis, margine serrata, pagina superiore viride glabra, infe- 
riore pilis minutissimis appressis incanis, petiolis vix 1 cm. longis elatis; 
floribus 6 et ultra in verticillastris bracteis caducis subtentis, glomerulis inter 
se .5—1 em. distantibus in spicas sat confertas approximatis; calycibus floren- 
tibus 3.5-4 mm. longis, extus pilis minutis appressis cinereis subfarinaceis 
tamen purpureis, in maturitate paulo auctis ore breve subtruncato, labia supe- 
riore 3-venis; corollarum caerulearum tubo 6 mm. longo, labia superiore 3.5 mm. 


alta. 


mexico. Guerrero: Mina, near Laguna, Hinton 14110 (type, Univ. 
Calif., L. A.). This species seems clearly to be allied to 8S. farinacea and 
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er would be sought there in the general Key. However, in the sectional Key 
rs its position is ambiguous. Additional material of S. amissa and S. similis 
in shows also that the bracts of the former are soon deciduous and of the 
yx latter sometimes tardily deciduous. The sectional Key (p. 186) may there- 
cr fore be rearranged to read as follows: 
e Petioli saepius 1—+ cm. longi 
id ee TOE 65 don ou sv cane edbevews comers 241. S. pallida 
7 Plantae boreali-americanae 
= Calycum labiae 3—5 mm. longae in maturitate 
7 amplae hiantes habitus S. ballotaeflorae........ 238. 8S. platycheila 
ia Calycum labiae vix 3 mm. longi nullomodo hiantes, 
ore breve frequenter subtruncato 
m Plantae Californiae inferioris bracteis subper- 
“1 statis, foliis juvenilibus subtus minute et dense 
“ incana in maturitate glabrata.............. 240. S. similis 
& Plantae continentis bracteis caducis, foliis con- 
55 coloribus (vide tamen S. Jacobi) glabratis vel 
a. subtus molliter pubescentibus 
™ Calyces extus dense et molliter appresso- 
= hirtelli; plantae praesertim Texanae foliis 
Fe PTET TORT TT eT eee 242. S. farinacea 
. Calvces extus pilis crispis plus minusve 
” extensis etiam lanulosis hirtelli; foliis subtus 
molliter pubescentibus vel glabratis 

e- Calyces florentes 4.5 mm. longi extus lanu- 
n lati; plantae coahuilenses.............. 243. S.lanicalyx 
be Calyces florentes 6-8 mm. longi, crispo- 

hirtelli vix tamen lanulosi 
. Plantae arizonicae corollorum _ tubis 

CEP Wis TOs 6 ais o evieani ccess 239. S. amissa 

Plantae coahuilenses corollarum tubis 
Z me re ee Pree 239a. 8. pseudopallida 
. Petioli saepius minusquam 1 cm. longi 
- Calyces extus molliter appresso-hirtelli; folia subtus 
- discoloria minute incana; plantae Guerrero (vide 
; chlete &... FAURRORRE) 0 6085 64 His Seed d dws secon 2438a. S. Jacobi 
r Calyces extus pilis plus minusve extensis vix appres- 
- sis; folia concoloria saepius glabrata 
2 Herbae variae a Carolina usque ad Texas et in 


oe I ee eee 244. S. azurea 
Herbae imprimis mexicanae in Texas solum in 
parte ad Chihuahua spectante incolunt 

Caules superne pilis brevibus extensis glandu- 

losis induti; radices tuberiferae; folia ellip- 






SAF LNs. desc ok CR ee ee ee S. oblongifolia 
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Caules pilis extensis saepius longioribus setosi 

nisi omnino glabri; folia linearia 
Pili acuti eglandulosi 5. S.leptophylla 
Pili capitato-glandulosi 3. S. heterotricha 


245. S. Lepropuyiia Benth. var. GLasra (Gray) Epling. Mexico. 
Chihuahua: Between Mestefias and Ojinaga near Cruces, 7. M. Johnston 

. 

268. S. KELLERMANU J. D. Smith (see under 351). 

273. S.Saccunvus Epling. mexico. Nuevo Leon: Alaman, 15 mi. S. W. 
of Galeana, Mueller and Mueller 1133; M. Taylor 218. (In early flower 
only, but apparently this.) 

274. S. connivens Epling. mexico. Hidalgo: Jacala, O. E. White; 
M. T. Edwards 796; L. A. Kenoyer 631. 

278. S. potystacuya Ort. What is apparently an albino race of this 
species has been collected at several places in Michoacan by Hinton in the 
regions of Zitacuaro and Coaleoman (13379; 13343; 12535; 12533; 
12532; 12660). 

279. S. compacta Kuntze. panama. Chiriqui: Rio Chiriqui Viejo 
Valley near El Volean, P. White 208. Apparently the same species but 
with corolla tubes 8 mm. long, Chiriqui: trail from Paso Ancho to Monte 
Lirio, upper valley of Rio Chiriqui Viejo, P. H. Allen 1590. 

282. S. piurispicata Epling. mexico. Michoacan: Zitacuaro-Las 
Canoas, Hinton 13549. 

293. S. psevpocracitis Epling. Conspecific with 319 8S. myriantha 
Epl., which see. 

294. S. craciuis Benth. mexico. Michoacan: Zitacuaro-Cerro Pelon, 
3200 m., Hinton 13233; 35 m. east of Morelia, 7000 ft., Rowntree 264. 
Morelos: Valle del Tepeite, Lyonnet. Guerrero: Galeana, Piedra Ancha, 
Hinton 14225; Pie de la Cuesta-Toro Muerto, 2840 m. (Hinton 11226). 
This specimen has flowers with the corolla tube full 10 mm. long, in this 
respect like 8S. purpurascens M. & G., the extreme for this species. Like the 
type of S. purpurascens it has broader less acuminate leaves. Mina, Teo- 
tepec, Hinton 14297; Laguna, Hinton 14113; Puerto Rico, Hinton 14161. 
GUATEMALA. Quezaltenango: between Fuentes Georginas and Zunil, Stand- 
ley 67330; Palestina, Standley 66347. Tontonicapan: Desconsuelo, Stand- 
ley 62732; Cumbre del Aire, Standley 65895. 

295. S. mempranacea Benth. mexico. Chiapas: Volcan de Tacana, 
Chiquihuite, 2800 m., Matuda 2843. 


295a. S. mazvensis Fern. panama. El Potrero Camp, Chiriqui Vol- 
cano, 2800-3000 m., Pittier 3105. Boquete, Bajo Chorro, Chiriqui, 6000 
ft., M. E. Davidson 81. Loma Larga to Summit, Voleano Chiriqui, Wood- 
son, Allen, and Seibert 1037. Previously referred by me to S. membranacea 
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Benth., from which it may be distinguished chiefly by the small fine even 
hairs of the inflorescence which are partly glandular, but not coarse as in 
that species. Other Costa Rican specimens are probably referable here. 
I have compared the Panama specimens with Fernald’s type. S. irazuen- 
sis is distinguishable from S. debilis of northern Colombia chiefly by the 
glabrous calyces and stems of that species. 

296. S. 1opocnHroa Fern. Apparently this, collected by P. H. Allen 
(No. 1442) in panama. Chiriqui: trail from Cerro Punta to headwaters of 
Rio Caldera. 

296a. Salvia punicans Epling, sp. nov. Herba perennis vel suffrutex alti- 
tudine ad 1.5 m. caulibus superne praesertim inter flores pilis minutis glandu- 
losis dense obsitis et paucis crassis longioribus conspersis; foliorum laminis 
pulchre cordato-ovatis 8-12 cm. longis, 5-10 cm. latis, in apice acuminatis, in 
basi cordatis petiolis 5—8 cm. longis elatis, pagina superiore fere glabra, infe- 
riore ad venas pilis minutis glandulosis dense obsita; floribus 6 in verticillastris 
in spicis interruptis 10-15 cm. longis dispositis glomerulis inter se 1.5—-2.5 cm. 
distantibus; calycibus florentibus 11 mm. longis, extus pilis minutis glandulosis 
dense obsitis et crassis eglandulosis sparsissime conspersis, labia superiore inter- 
dum sub-5-venis; corollarum punicearum tubo 20 mm. longo, labia superiore 


8.5 mm. longa, inferiore paulo longiore. 


mExico. Guerrero: Galeana, inter Pie de la Cuesta et Toro Muerto, 2840 
m., in pineto-quercetis, Hinton 11225; 11224 (type, Univ. Calif., L. A.). 


Following is an amended key to the section Carneae (p. 228) ; because 


of the paucity of material for most of the species, it is still far from satis- 
factory (see 293 S. pseudogracilis) : 


Corollarum tubi 7-10 mm. longi 
Caules inter flores pilis articulatis purpureis saepius 
villosuli; folia in basi saepius subcordata; plantae 
Colombianae et Venezuelanae. . 2 S. carnea 
Caules inter flores pilis minutis capitato-glandulosis 
obsiti; folia in basi rotundata vix cordata; plantae 
mexicanae et guatemalenses...................-. S. gracilis 
Corollarum tubi 10-20 mm. longi 
Corollarum tubi 20 mm. longi; foliorum venae subtus 
pilis minutis capitatis glandulosae; plantae guerre- 
renses ja. S. punicans 
Corollarum tubi 10—16 mm. longi 
Corollarum labia superior 7.5—9 mm. alta 
Plantae colombianae foliis glabris in basi rotun- 
datis S. debilis 
Plantae mexicanae vel costaricenses 
Folia pulchre cordata, villosa; Costa Rica... S. iodochroa 
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Folia in basi rotundata utrimque glabra; 
Hidalgo . S. simulans 
Corollarum labia superior 4.5—7 mm. alta 
Caules inter flores pilis crassiuculis articu- 
latis plus minusve ornati; folia in basi plus 
minusve cordata 
Plantae colombianae . Killipiana 
Plantae mexicanae 95. S. membranacea 
Caules inter flores pilis gracilioribus brevi- 
oribus ornati 
Plantae chiapenses; folia glabra in basi 
rotundato-angustata a. S. ionocal yx 
Plantae costaricenses etiam panamenses 
foliis in basi plus minusve cordatis et sub- 
tus ad venas plus minusve pilis crassius- 
culis ornatis 295a. S. irazuensis 


310. S. roscipa Fern. mexico. Sonora: Curahui, Rio Mayo, Gentry 
3651, Apparently this species but the leaves hirtellous on the veins beneath 
with rather coarse hairs and the bracts 3-4 mm. long and mostly per- 
sistent. 


312a. Salvia cyanantha Epling, sp. nov. (Angulatae.) Herba perennis 
gracilis verisimiliter suffruticosa internodiis sat elongatis glabratis, solum in 
sulcis appresso-hirtellis nisi inter flores pilis brevibus extensis violaceis puberu- 
lis; foliorum laminis 5—6 cm. longis, pulchre acuminato-ovatis, in basi rotun- 
datis, marginibus serratis, paginis ambabus sparse hirtis, petiolis gracilibus 
circiter 2 cm. longis elatis; floribus saepius tribus in verticillastris bracteis 
caducis non visis subtentis, in spicis interruptis laxis gracilibus dispositis, 
glomerulis inter se 1-3 cm. distantibus; calycibus florentibus cyaneis 8-9 mm. 
longis, sat tenuibus extus pilis violaceis crassiusculis sparse villosis et minutis 
capitato-glandulosis conspersis, in maturitate 10-11 mm. longis pedicellis 
3-4 mm. longis elatis; corollarum atro-cyanearum tubo arcuato-assurgente 
15 mm. longo ad basim obscure constricto, labia superiore 4.5 mm. alta, infe- 


riore 6-8 mm. longa; stylo postice hirsuto. 


mexico. Michoacan: Coalcoman, Hinton 15350 (type, Univ. Calif., 


L. A.). The plant suggests S. gracilis with dark blue flowers and evidently 


falls somewhere near S. arthrocoma. 

3l4a. S. Lancuiputa Epling. mexico. Guerrero: Montes de Oca, San 
Antonio-Buenos Aires, Hinton 14061; Capirial, Hinton 13010. Appar- 
ently this but the calyces glabrous. Another specimen, collected in Michoa- 
can, Coalcoman, Hinton 12598, is scarcely separable from these. Still 
another, collected in Guerrero, Galeana, Tecpan-El Verde, Hinton 14338, 
is similar, but has the leaf habit more suggestive of S. Seemannii as it 
occurs in Sonora. 
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Because of the rather coarse nature of the pubescence of the type 
specimen of S. languidula, a relationship with §. fusca seemed probable. 
This species occurs in Guerrero and is known from a single, none too 
ample specimen (Langlassé 216). The specimens mentioned above, par- 
ticularly those from Montes de Oca, are very like the type of S. langui- 
dula but are almost glabrous. A few minute decurved hairs may be seen on 
the pedicels and along the branchlets. In this respect they are like S. albi- 
flora but do not have the elongate and rather strict inflorescence of that 
species. A specimen collected by Mexia (No. 8729) in Guerrero, distr. 
Adama, and previously referred by me to S. longispicata, has the pubes- 
cence and coarser habit of that species, but is hardly typical of that species 
as it occurs in Jalisco and Michoacan. 

319. S. myrianrua Epling. 8S. pseudogracilis Epling in Rep. Spec. 
Nov., Beih. 110: 229. 1939. guareMALa. Quezaltenango: Cumbre de Tuila- 
can, near San Martin Chile Verde, Standley 67771; 67813; Fuentes 
Georginas, Volcan de Zunil, Standley 67474; Aguas Amargas, Volcan 
Zunil, Standley 65337. Scarcely separable from these specimens save for 
the villous pubescence of strict jointed hairs are the following; pubescence 
of the same order occurs on the vegetative branchlets of the above-named 
specimens, but the flowers of that group are pale purple, those of the fol- 
lowing white: GUATEMALA. San Marcos: Rio San Ramon, Standley 66184; 
El Boqueron, Standley 66298. Huehuetenango: San Juan Atitlan, Skutch 
1156 (cordate leaves). This second form would not be readily found in the 
sectional key because of the longer hairs on the calyces. It might be sought 
near §. roscida or S. arthrocoma. 


319a. S. psilophylla Epling, sp. nov. (Angulatae.) Herba perennis alti- 
tudine ad 2 m. caulibus superne pilis brevibus densis extensis molliter hirtellis; 
foliorum laminis ut videtur flaccidis membranaceis ovatis 12-14 em. longis, 
6-8 cm. latis, in apice acuminatis, in basi rotundatis, marginibus serrulatis, 
paginis ambabus glabris nisi ad venas sparsissime hirtellis, petiolis 7-8 cm. 
iongis elatis; floribus 3-6 in verticillastris bracteis membranaceis ovato- 
attenuatis 6 mm. longis caducis subtentis, glomerulis inter se 1—2 cm. dis- 
tantibus, in spicis interruptis ut videtur laxis 20-25 cm. longis dispositis; caly- 
cibus florentibus 9 mm. longis tenuibus extus ad venas hirtellis, in maturitate 
paulo auctis et pedicellis 6—9 mm. longis elatis; corollarum rosearum vel pallide 
caerulearum tubo 10 mm. longo, labia superiore 5.5 mm. alta; staminum con- 
nectivo 6.5 mm. longo. 


PANAMA. Chiriqui: Rain forest at Bajo Chorro, Boquete district, 6000 
ft., M. E. Davidson 60; near New Switzerland, middle valley of Rio Chiri- 
qui Viejo, 1800-2000 m., P. H. Allen 1355 (type, Univ. Calif., L. A.). 


This species would probably be sought in the sectional key near S. myri- 
antha. 





BULLETIN OF THE TORREY CLUB (VOL. 67 


331. S. acsirtora M. & G. mexico. Michoacan: Zitacuaro-San José 
Purua, Hinton 13054. 

335. S. rLuviativis Fern. mexico. Michoacan: Zitacuaro-Angangueo, 
2090 m., Hinton 11897; Coalcoman, Chacalapa, 2000 m., Hinton 13774. 
Very similar to S. xalapensis of the Cordoban region, and scarcely sepa- 
rable. That species is most readily distinguished by the coarser more 
spreading but curled hairs in the inflorescence, while in S. fluviatilis the 
hairs are finer and curl downward. 

337. S. pymocuaris Epling. costa rica. San José, El General, 1525 
m., Skutch 4187. Apparently this but the corolla tube about 15 mm. long. 

338. S. Atvasaca Oerst. S. inaequilatera Cufodonti, described from 
Mt. Irazu, Costa Rica. GUATEMALA. Quezaltenango: Slopes of Volcan de 
Zunil, Aguas Amargas, Standley 65444; Finca Pireneos, Santa Maria de 
Jesus, Standley 68299. paxama. Chiriqui, Chiriqui Viejo Valley, G. White 
99; P. White 167. 

$47a. S. cnuiapensis Fern. Guaremaca. Huehuetenango: South slope 
of Sierra Cuchumatanes above Chiantla, 10,300 ft., Skutch 1275. Appar- 
ently this. 

351. S. Kettermanu J. D. Smith. 8S. Maronii Epling in Rep. Spec. 
Nov., Beih. 110: 266. 1939. GuaTEMALA. Quezaltenango: Santa Maria de 
Jesus, Standley 67196; Escuintla Palin, J. R. Johnston 1194; Palin, 
Standley 60113. 


358a. Salvia synodonta Epling, sp. nov. (Briquetia.) Herba perennis 
altitudine ad 1.5 m., caulibus utrimque glabra nisi in sulcis obscurissime 
appresso-hirtellis; foliorum laminis ovatis sat tenuibus 6—9 cm. longis, 5—7 cm. 
latis, in apice acuminatis, in basi rotundatis vel rotundato-angustatis, utrimque 
nisi ad venas obscure hirtellis glabris, margine serrata, petiolis gracilibus 
2-3.5 em. longis elatis; floribus 1-3 in verticillastris bracteis perstatis lanceo- 
latis 3-4 mm. longis subtentis, in spicis sat confertis dispositis, glomerulis 
inter se .5—1 cm. distantibus; calycibus florentibus 8-9 mm. longis glaberrimis, 
labiis deltoideis 2.5 mm. longis, inferioris dentibus connatis, pedicellis minutis- 
sime retrorso-hirtellis 2.5-3 mm. longis elatis; corollarum atro-caerulearum 


tubo 11-12 mm. longo, labia superiore 6.5—7.5 mm. alta, inferiore breviore. 


mexico. Michoacan: Huizontla near Coalcoman, Hinton 12649; 12576 
(type, Univ. Calif., L. A.). Very similar to the type of 8. wmbratilis Fern. 
collected by Langlassé at an undesignated station in this general region, 
either in Michoacan or Guerrero. It differs, however, in the narrower, 


longer bracts, in the smaller flowers, in the connate lower calyx teeth and 


in the nature of the pubescence where this is perceptible. S. umbratilis, 


although almost glabrous, nevertheless is hirtellous in the inflorescence 


with small spreading or ascendent hairs. The pedicels of S. synodonta 
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bear minute retrorse hairs. The key (p. 268) may be amended to read as 
follows: 
Herbae mexicanae; corollarum tubi 11-15 mm. longi 
Pedicelli pilis minutis retrorsis hirtelli; calycum dentes 
inferiores connati; corollarum tubi 11-12 mm. longi.. 353a. 8S. synodonta 
Pedicelli pilis minutis ascendentibus hirtelli; calycum 
dentes inferiores liberi acuminati; corollarum tubi 
15 mm. longi 353. S.umbratilis 
Herbae Ind. Occ. ete. ete. 
354. S. mexicana L. Mexico. Sonora: Pinal in Sierra Charuco, among 
oaks and pines, Gentry 1702. Hidalgo: Jacala, L. A. Kenoyer. 
354a. S. aTRoPAENULATA Epling. mexico. Guerrero: Mina, Toro 
Muerto-Campo Morado, 1800 m., Hinton 11239. Michoacan: Zitacuaro- 
Cerro Pelon, 3200 m., Hinton 13234; edge of pine woods on road from 
Toluca to Zitacuaro, Rowntree 174. The type, Mexia 9056, Hinton 13234, 
and Rowntree 174, have corolla tubes 14-15 mm. long. Hinton 11239 has 
corolla tubes as much as 23 mm. long. The plants are otherwise very similar 
and characterized by the glandular as well as eglandular types of pubes- 
cence. 
362. S. picHLAMys Epling. mexico. Guerrero, Aguazarca, in pine 
forest, Hinton 10450. Michoacan, Zitacuaro, toward Laureles, Hinton 
13001. Zitacuaro, toward Bosque, Hinton 11940. Zitacuaro toward San 


Cristobal, Hinton 11988. This species has the habit and pubescence which 
strongly suggest 363a S. nigriflora. The corolla is a deep wine red rather 
than the bright carmine distinctive of the section. However, the conforma- 


tion of the corolla is fairly typical. In other words, 8. dichlamys has char- 
acteristics of section Fulgentes and of section Nigriflorae and stands in an 
intermediate position. 

363. S. micropHyLua Kunth. mexico. Chiapas: Near Zempoala Lakes, 
9000 ft. Mt. Tacana, Matuda 2478. Var. nevreria (Fern.) Epling. 
Hidalgo. Jacala, Kenoyer 630. 


63a. SECTION NIGRIFLORAE 

Herbae perennes vel suffrutices verisimiliter e caudice lignoso; foliis oblongis 
sat parvis coriaceis valde bullatis subsessilibus; floribus oppositis bracteis 
caducis subtentis in racemis paucifloribus laxis dispositis; calycum labia supe- 
riore 5-venis; corollarum atro-cyanearum tubo sat amplo ad basim plus minusve 
invaginato et intus papillis binis ornato, labia superiore galeata, inferiore 
quam superior duplo longiore deflexa; staminibus ad fauces positis, connectivo 
ad medium dente acuto extenso ornato; styli hirsuti ramo postico longiore. 
Species typica est S nigriflora. 

363a. Salvia nigriflora Epling, sp. nov. (Nigriflorae.) Herba perennis 
altitudine .5 m. caulibus superne et inter flores pilis longioribus extensis graci- 
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libus plus minusve glandulosis pilosis; foliorum laminis 5.5—8 cm. longis, 
12-22 mm. latis, oblongis, in apice obtusis, in basi rotundatis, petiolis 2-3 mm, 
longis elatis, pagina superiore glabra subnitida valde bullata, inferiore albo- 
tomentella, venulosa et ad venas pilis longioribus sparse ornata, marginibus 
crenulatis; floribus paucis oppositis in racemis laxis circiter 10 cm. longis, 
glomerulis inter se 1-5 cm.; calycibus florentibus 6—10 mm. longis, extus sparse 
pilosis vix tamen glandulosis; corollarum atro-cyanearum tubo amplo 12 mm. 
longo, labia superiore 9 mm. alta, inferiore 13 mm. longa; staminum connectivo 
13-14 mm. longo. 


MEXICO. Michoacan: Coalecoman, Ocorla, 1700 m., Hinton 13787; 
Sierra Naranjillo, 1300 m., Hinton 13956 (type, Univ. Calif., L. A.); 
Sierra Torricillas, 2400 m., Hinton 12410. The deep blue color, the singu- 
lar habit (save for 362 8S. dichlamys of which see above) and the differ- 
ences in conformation of the lower lip of the corolla, all suggest segrega- 
tion of this species as a monotypic section. In the key to the sections it 
would probably be sought (p. 12) near 46. Farinaceae, by reason of the 
oblong or elliptical leaves. It may be readily distinguished, however, by its 
corrugated leaves, by the dense tomentum on the lower surface and by the 
opposite flowers which are dark blue. 


63b. sECTION HINTONIANA 

Frutices vel suffrutices habitus sectionis Fulgentium foliis sat amplis; flori- 
bus 3 in verticillastris bracteis caducis subtentis in spicis approximatis; caly- 
cum labia superiore 5-venis; corollarum pulchre coccinearum tubo ad basim 
subinvaginato et intus rugis binis vel papillis brevibus ornato, labia superiore 
tubum aequante, inferiore amplissima furcata quam superior fere duplo longiore; 


staminibus e labia superiore 3—4 mm. exserta; styli pilosi ramo postico longiore. 
Species typica est S. praestans. 


This section would be sought in the key probably near 36. Fleruosae 
or 38. Iodophyllae. The amended key may be seen under 38a. Sect. 
Pedicellata. 


363b. Salvia praestans Epling, sp. nov. (Hintoniana.) Suffrutex altitudine 
ad 2 m. ramulis pilis decurvis pubescentibus et longioribus plus minusve glandu- 


losis ad 2.5 mm. longis setaceis; foliorum superiorum laminis 10—12 cm. longis, 
5 em. latis ovato-lanceolatis, in apice acutis vel longe acuminatis, in basi 
rotundato-truncatis, petiolis 1.5 cm. longis elatis, marginibus serratis, pagina 
superiore bullata viride pubescente, inferiore molliter cinereo-pubescente, 
supremis similibus sessilibus ; floribus 3 in verticillastris bracteis setaceis caducis 
subtentis, glomerulis inter se 1.5 cm. distantibus, in spicis 12 cm. longis approxi- 
matis; calycibus florentibus 16-17 mm. ijongis, extus pilis mollibus pubescenti- 
bus et longioribus crassis glandulosis setaceis; corollarum tubo 18 mm. longo, 


ad basim subinvaginato et intus rugis binis vel papillis brevibus ornatis, labia 
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superiore tubum aequante, inferiore 28 mm. longa 20 mm. lata; staminibus e 


labia 3—4 mm. exsertis. 


mexico. Guerrero: Mina, Toro Muerto, 2180 m., in oak and pine forest, 
Hinton 11095 (type, Univ. Calif., L. A.). 

381. S. Sesser Benth. mexico. Michoacan: Coalcoman, Sierra Tor- 
ricillas, 1800 m., Hinton 12812; Zitacuaro-Laurelles, 1400 m., Hinton 
13033. 

387. S. carpinauis Kunth. mexico. Michoacan: Zitacuaro-Cacique, 
3250 m., Hinton 13172. 

391. S. Hotwayi Blake. costa rica. San José, El General, 1430 m. 
GUATEMALA. Sacatepequez: Finca El Hato, Antigua, 1950-2040 m., 
Standley 61145. Baja Verapaz: Santa Rosa, 1650 m., Standley 69894. 
Quezaltenango: Palestina, 2700 m., Standley 66325. Chimaltenango: Pat- 
zicia, 1800 m., Standley 58655; Parramos, 1650-1800 m., Standley 59887 ; 
Volean de Acatenango, Las Calderas, 2100-2400 m., Standley 61800, 
61793; Patzum, 2100 m., Standley 61482; San Marcos, J. R. Johnston 
1230. Quiché: Chichicastenango, 1830-1880 m., Standley 62380. San 
Marcos: Rio Tacana, San Antonio, Standley 66148, 66084, 66110. The 
degree of pubescence is quite variable. The leaves may be almost glabrous, 
or the lower surface may be almost tomentose with rather coarse hairs. 
The inflorescence usually bears both short capitate glands and longer 
stouter hairs. In some specimens the former may be suppressed, as in 
Standley 59887. In others the longer hairs may be mostly suppressed and 
the inflorescence quite viscid, as in Johnston 1230. 

392. S. Wacneriana Polak. mexico. Chiapas: Volcan de Tacana, 
2100 m., Matuda 2972. 

394. S.puservuta Fern. mexico. Hidalgo: Jacala, Kenoyer 775. Nuevo 
Leon: La Trinidad-Potrero Redondo, Mun. de Villa Santigo, C. H. Muller 
2944. The type collection of this species is characterized by spreading 
rather short glandular hairs. Pennell’s specimen (No. 17815), probably 
gathered in the same region, has longer spreading jointed hairs abundant in 
the inflorescence; Muller’s specimen is similar with leaves 13 cm. long. 
Kenoyer’s specimen, cited above, has flowering calyces scarcely 13 mm. 
long and a corolla with tube 24 mm. long but pubescence similar to the 
type. The bracts are apparently always small and caducous. The key 
(p. 296) may therefore be modified to read: 

Folia ad basim rotundata vel cordata; plantae mexi- 
SNS sev ds oneacss Onsdgpeenidekwbel toes ns oe bee 393. S. involucrata 

Verticillastra bracteis parvis inconspicuis caducis sub- 

tenta 
Plantae guatemalenses foliis rarius omnino glabris 
petiolis saepius 1—4 cm. longis................... 391. S. Holwayi 
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Plantae mexicanae foliis utrimque glabris petiolis 

Se Min UD ded cos cngesdness ves eeuea 394. S. puberula 

398. S. supHastTata Epling. mexico. Guerrero: Montes de Oca, San 
Antonio, Hinton 11714, 11715. Previously known only from the type which 
was of uncertain locality; the flowers of that (Langlassé 570) were said 
to be white and pink. Hinton’s plants are assuredly conspecific. The bracts 
are showy purple, 2—3 cm. long, soon falling. The corolla is said by Hinton 
to be yellow; its tube is 27-30 mm. long. Shrubs 2 m. tall. 


tOla. Salvia gravida Epling, sp. nov. (Skeptostachys.) Herba perennis 
crassa altitudine ad 3 m. caulibus superne pilis crassis 2—2.5 mm. longis pilosis ; 
foliorum laminis cordatis bullatis tenuibus longitudine ad 20 cm., petiolis ad 
15 cm. longis elatis, in apice acuminatis paginis ambabus sparse villosis et 
inferiore ad venas minute glandulosa, marginibus crenato-serratis; floribus 6 
in verticillastris bracteis amplis perstatis viridibus circumplicantibus subtentis, 
in spicis cylindratis densis 30 cm. longis et ultra 5—6 cm. diametro demum 
gravidis et pondere suo demissis; calycibus florentibus 24-26 mm. longis extus 
fere glabris sat tenuibus venulosis, in maturitate paulo auctis, pedicellis ad 
15 mm. longitudine elatis; corollarum rubrarum tubo 30 mm. longo, labia 
superiore 18-21 mm. alta, inferiore paulo longiore; staminum connectivo 
32-34 mm. longo. 


MEXICO. Michoacan: Coalcoman, Sierra Torricillas, 2400—2680 m., 
Hinton 12799; 12397; 12355 (type, Univ. Calif., L. A.). This species is 
apparently allied to §. Regnelliana of Brazil, which is very similar both in 
flower structure and in habit of inflorescence. I have accordingly referred 
it to section Skeptostachys. The general key to the sections is accordingly 
somewhat misleading inasmuch as Skeptostachys is referred to there as 
South American only. It is a beautiful plant and flowers during November 
and December in Los Angeles. 

423. S. marci Epling. mexico. Baja California: Los Encinos and 
Arroyo Hondo, Sierra Giganta, Gentry 4254, 4143. 

437. S. 1opantrua Fern. This species, common in Michoacan, is ordi- 
narily characterized by a corolla which is a deep wine red. An albino form 
has recently been collected between Zitacuaro and Copandaro, 2600 m., 
Hinton 13568. A form with a pure rose pink corolla was collected near 
Coalcoman in the Sierra Torricillas, Hinton 12797. The latter recommends 
itself highly as a cultivated plant, no less than the typical form. 

439. S. arsuscuta Fern. Known previously from the general region 
of the “Sierra Madre” in Guerrero. It has now been collected in Guerrero: 
Montes de Oca, San Antonio, Buenos Aires, Hinton 11699, and in Michoa- 
can: Coalcoman, at Puerto Zarzamora, Hinton 13729, 12921, 13722. 

442. S. purpurea Cav. nonpvuras. Yoro: Yoro, J. B. Edwards 753; 
Tegucigalpa, Von Hagen 1243. 
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450. S. LoneistyLa Benth. mexico. Michoacan: 35 mi. west of Zita- 
cuaro, 5500 ft., Rowntree 273; between Zitacuaro and Bosque, Hinton 
13434. 

451. S. xervata M. & G. cuatemata. Totonicapan: Cumbre del Aire, 
Standley 62655, 65900. Quezaltenango: Palestina, 2700 m., Standley 
66362; Volcan Santa Maria, Palojunaj, 2400-3768 m., Standley 67596, 
67606, 67654, 67588, 67650; Santa Maria de Jesus, 1650 m., Standley 
67250. San Marcos: Barranco Eminencio, 2700 m., Standley 68499; 
El] Boqueron, 2700 m., Standley 66279. 

453. S. curtirLora Epling. GuaremMaxa. San Marcos: San Antonio 
along Rio Tacana, 2460 m., Standley 66136, 66149, 66172. Dept. Chimal- 
tenango: Las Calderas, 1800-2100 m., Standley 60059, 60031, 61955. 
Dept. Quezaltenango: Fuentes Georginas to Zunil, 2500 m., Standley 
67337, 67412, ? 67335; Palestina, 2700 m., Standley 66335; Cumbre de 
Tuilacan, San Martin Chile Verde, 2400 m., Standley 67779, 67766, 
67778. 

454. S. excetsa Benth. mexico. East of Orizaba, 6500 ft., Rowntree 
111. This species was ascribed to Guatemala by Bentham and has not since 
been collected until found by Miss Rowntree. After examination of her 
specimen and comparison with the type of §. venosa Fern., described from 
Chiapas, I am convinced that they are conspecific and that S. venosa is also 
conspecific with S. excelsa. That species was described from cultivated 
plants which were grown from presumed Guatemalan seeds. 


467a. Salvia unguella Epling, sp. nov. (Secundae.) Suffrutex glabra, 
altitudine ad 1 m., caulibus superne nisi pilis minutissimis glabris, internodiis 
petiolos subaequantibus; foliorum laminis ovato-ellipticis 10-15 cm. longis, 
6-8 cm. latis, in apice caudato-acuminatis, infra medium angustatis etiam ad 
petiolos 2-8 em. longos leniter acuminatis, utrimque glabris, marginibus ser- 
ratis; floribus 3—6 et ultra in verticillastris inter se .5—1.5 em. distantibus in 
spicas 7-15 cm. longas approximatis bracteis caducis subtentis; calycibus 
florentibus 6-7 mm. longis, in maturitate paulo auctis et labiis acuminatis 
hiantibus extus pilis sat crassis brevibus ut videtur purpureis unguiformis 
sparse conspersis, pedicellis maturis 5 mm. longis minutissime hirtellis; corol- 
larum coccinearum tubo subsigmoideo 9 mm. longo, labia superiore vix 1 mm. 
longa, inferiore circiter 1.5 mm. longa ut videtur patente et emarginata; 


staminibus supra tubi basim 7 mm. positis et stylo glabro in tubo incluso. 


EcUADOR. Loja: Near Chinche, between San Pedro and Zaruma, Pen- 
land and Summers 1173 (type, Univ. Calif., L. A.). Taken at the same 
place as that of S§. curticalyx, also described in this paper, evidently a 
locality not previously botanized. The occurrence of this species in Ecua- 
dor is remarkable inasmuch as it clearly establishes this section, which is 
chiefly Brazilian, in the northern Andes. The present species closely 
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resembles S. secunda, the type species, not only in habit but in flower struc- 
ture. As nearly as one may judge from the dried corollas, the other species 
have a lower corolla lip which is cupped rather than deflexed. From the 
few flowers available it would appear that in this species the lower lip is 
defiexed. In the general key to the sections (p. 8-9) it might therefore be 
sought under 68. Silvicolae. The key at this point (p. 8) may therefore 
be modified to read as follows: 

I. Stamina inter tubi medium et fauces posita saepius in tubo inclusa ; corol- 
larum labiis brevibus subaequilongis inferiore saepius incurva (S. venosa 
excepta). J. Plantae mexicanae (vide etiam Briquetia) 90. Curtiflorae. JJ. 
Plantae brasilianae vel andinae 91. Secundae. II. Stamina ad fauces posita; 


labia deflexa, etc. etc. 
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The Structure of the Chloroplast and the Location of the 
Chlorophyll 


Epitu A. Roserts 


(WITH 11 FIGURES) 


The photomicrographs’ presented in this paper show some of the re- 
sults of a series of investigations that have been made over a period of ten 
years on the structure of the chloroplast and the location of the chloro- 
phyll. 

The early investigations were made upon young sporophytes and 
young gametophytes of some twenty-five species of native ferns. Some of 
these are shown in figures 1, 2, 4-6. Later investigations were made upon 
representatives of the Thallophyta, Bryophyta, and Spermatophyta 
(figures 3, 7-11). The chloroplasts of all the plants investigated were 
found to be made up of units (figures 2a, 9a, 10a), for which the term 
plastidule is suggested. The chloroplasts can be separated into the plas- 
tidule units (figure 2b). These plastidules are composed of globular bodies, 
here called plastid granules (figures 2c, 10c). It is possible to separate the 
plastidules into their respective plastid granules. The chlorophyll occurs 
in the colloidal substance of which each plastid granule is composed. The 
greenness of each chloroplast represents the sum of the color contributed 
by the chlorophyll of each plastid granule. 

The number of plastidule units and the number of plastid granules in 
each plastidule vary within limits in the chloroplasts of any one plant, 
while the number of plastidules and their component granules*in the dif- 
ferent plant groups varies even more. For instance, the number of plas- 
tidules in the chloroplasts of Spirogyra sp. (figure 7c) is often three, with 
three or four plastid granules in each plastidule, while in Elodea canadensis 
(figure 10a) the number is above three, with forty or more plastid granules 
in each plastidule. 

This type of chloroplast structure has been found both among plants 
with starch-forming chloroplasts and among plants with non-starch-form- 
ing chloroplasts. Gladiolus sp. and Dahlia variabilis exemplify plants with 
non-starch-forming chloroplasts, in which the chloroplast has been found 
to be similar to that of plants with starch-forming chloroplasts. Gladioli 
have five or more plastidules in each chloroplast, and five or more plastid 
granules in each plastidule. There are seven or more plastidules in the 


1 The photomicrographs were taken by Mr. Louis Paul Flory, Director of the Illustra- 
tion Division of the Boyce Thompson Institute of Plant Research, Inc., through the 
courtesy of Dr. William Crocker, Director of the Institute. 
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chloroplasts of the dahlia, with five or more plastid granules in each plas- 
tidule. 
In those chloroplasts in which starch is made, the starch in the inmost 


plastid granule has been found to be the last to disappear when starch is 


Explanation of Figures 1-11 
(Fig. 1, p. 537; figs. 2-5, p. 538; figs. 6-8, p. 539; figs. 9-11, p. 540) 

Fig. 1. Aspidium spinulosum (QO. F. Muller) Sw. Water mount of portion of frond 
of young sporophyte. 1515. a. Chloroplast in which seven plastidules may be seen, 
». Chloroplast dividing; in the left portion three plastidules may be seen and two in the 
right. ¢. Chloroplast nearer complete division; two plastidules may be seen in the portion 
to the left and two to the right. d. Chloroplast of the guard cell showing four or more 
plastidules. 

Fig. 2. Aspidium spinulosum (QO. F. Muller) Sw. Chloroplast and plastidules obtained 
by pressing cover slip of water mount of frond of young sporophyte. x 1515. a. Chloroplast 
showing three plastidules. b. A group of plastidules. c. A plastidule turned in such a 
way that the optical section is at the surface on the left side, while on the right it is 
nearer the center and shows the plastid granules of which the plastidule is composed. 

Fig. 3. Lycopersicum esculentum Mill. Chloroplasts removed from leaf. 1515. 
a. Chloroplast showing portions of seven plastidules. b. Chloroplast which shows the 
plastidule units. (The plastidule units of this plant are lightly held together in each 
chloroplast and the slightest pressure on the cover slip will resolve most of them into 
the plastid granule units.) 

Fig. 4. Aspidium spinulosum (O. F. Muller) Sw. Portion of the frond of a young 
sporophyte. X 1515. a. Surface view of a chloroplast showing distinctly four plastidules. 
The dark areas are made by the colloidal matrix at the junction between the plastidules. 
b. Chloroplast with focus such that the plastid granules of the four outer plastidules 
are shown. The focus is just below the upper plastidules of which the chloroplast is com- 
posed, and on the surface of the plastidules in the lower half of the chloroplast. 

Fig. 5. Aspidium spinulosum (O. F. Muller) Sw. An optical focus just above that 
of identical area in figure 4a. The same chloroplast as in figure 4a with different focus. 
b. Chloroplasts in figure 4b, but now seen faintly through cell wall. ¢«. A comparison 
of any of the identical chloroplasts as seen in the area around ¢, in figure 4 and figure 
5, shows the varied appearance of a chloroplast, depending on whether the focus is at the 
surface, showing the plastidule units, or within the plastidule, showing the plastid 
granules. 

Fig. 6. Aspidium spinulosum (O. F. Muller) Sw. Water mount of portion of young 
gametophyte. a. Chloroplast in which two plastidules are shown. 6. Chloroplast with five 
plastidules. 

Fig. 7. Spirogyra sp. The “chloroplast” is shown to consist of many chloroplasts. 
a, Chloroplast located on the edge of the band. b. Chloroplasts around and on the 
pyrenoid. c. Chloroplast in which two plastidule units are shown. 

Fig. 8. Polytrichum commune Hedw. A portion of a protonema. a. Chloroplasts 
showing six and eight plastidules. 

Fig. 9. Impatiens Sultani Hook. Portion of the epidermis showing stoma. a. Chloro- 
plasts in guard cell, showing four plastidules. 

Fig. 10. Elodea canadensis Michx. Portion of a leaf. a. Chloroplast showing three 
plastidules. b. A chloroplast so oriented that one plastidule lies directly on top and one 
on either side. The dark bands are due to light refraction from the crevice between the 
plastidules. c. Chloroplast showing, just above c, the boundary between two plastidules. 
d. Chloroplast showing the same as c. 

Fig. 11. Elodea canadensis Michx. Portion of a leaf after treatment with iodine 
solution. a. Chloroplast showing portions of five plastidule units. 
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removed from the plants by storage in darkness. It is in the inmost plastid 
granule, also, that starch is found to be first formed when the plant is 
placed in light. The starch appears in the center of the plastid granules 
of each succeeding layer of granules, from the inner to the outer, until 
ach of the entire series of plastid granules has within it a starch unit 
(figure lla). 

The colloidal substance of the matrix of the plastid granules remains 
light green after treatment with dilute iodine solution. In the photomicro- 
graphs the entire center of the plastidule (figure lla) is darkened by the 
mass of colored starch centers in the granules, but the matrix of the outer 
laver of plastid granules appears as a light area at the edge of the plas- 
tidule. 

A more complete report of the investigations will be published at a 
later date, but the many requests for the illustrations as presented at an 
exhibit at the meetings of the American Association for the Advancement 
of Science, at Columbus, Ohio, December 1939, have made it seem advisable 
to present them at this time. 

Note:—The term “plastidule” has been used in a different sense by Ernst Haeckel 
and Louis Elsberg. Ernst Haeckel, however, used the term “plastid” to apply to a dif- 
ferent portion of the cell from that now designated as a plastid, and his plastidule was 
a portion of what he termed a plastid; just as the term plastidule is used here to apply 
to a portion of what is generally termed a plastid today. 
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